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Floods are normally defined by hydrologists as a £law of such 
magnitude that it overtops the natural or arti£icia1 banks in a 
reach o£ river channel and inundates the flood plain. 
It will be emphasized throughout this report that the 
occupation o£ the £lood plain by a river in £lood stage is not an 
abnormal occurrence. The basic course of flood damage then is man's 
utilization of the flood plain as a site for his activities. It 
is essential that this point be clearly understood when considering 
any phase of flood control activity. 
Generally all flood control measures may be considered under 
three separate categories: (1) Protection: as physical1y ··provided 
by the construction of levees, the dredging of channels, the con-
struction of flow retarding storage reservoirs, or reducing the 
amount of surface runoff through a change in land use. 
(2) Evacuation: where physical relocation is involved when the 
minor economic development in a flood prone area does not justif.y 
the expense of suitable protection. (3) Flood Plain Zoning: where 
regulation may range from the exclusion of all development that is 
subject to possible flood damages to requirements that prospective 
purchasers of property be forewarned of the flood hazard. 
Proper, systematic and effective application of these three 
f1ood control measures would be as follows: 
Provide protective works for presently occupied flood plain 
regions exposed to major flood hazards if the developed economic 
wealth can support cost of protection; evacuate sparee~v built up 
regions exposed to major .floods which cannot economicalzy justify 
a protection progran1; and establish suitable zoning restrictions to 
prevent the m1linuted expansion of flood plain use after protection 
has been provided. 
It is obvious that zoning should be introduced simultaneously 
with the construction of physical protective measures in order to 
guide future exp&1sion into the newly protected areas and thereby 
increase their overall effectiveness. It is quite impractical to 
remove existing housing and industrial buildings, but to prevent 
fUture development in flood prone areas is a practical action. 
The triangular pattern of protection, evacuation and flood 
plain zoning, as the only truly e.ffecti ve and comprehensive 
approach to proper flood control, is substantiated in practically 
all technical publications on this subject by economic and 
engineering leaders. Yet in actual practice, at the present time, 
flood plain zoning is not being actively applied by any federal 
flood control agency and by only one of the forty-nina states 
faced with this common problem. This lack of direct application 
was probably best described recently by Walter B. Langbein (1), 
(1) All references are in bibliography. 
r ) 
Water Resources Division Engineer, U. S. Geological Survey when he 
said, "Flood Plain Zoning, like almost all that is virtuous, has 
great verbal support, but alrr~st nothing has been done about it". 
It is the threefold purpose of this study to discuss the 
basic mechanics of flood plain zoning; to indicate why this 
essential element of flood control has been ineffective until now; 
and finally, to present recommendations for what appears to the 
author to be a workable flood plain zoning program in the United 
States. 
CHAPTER II 
REVIEW OF LITERATURE 
Regulating or prohibiting the use of the flood plain for 
property which would be seriously damaged by flooding has been pro-
posed at various times since 1900 (2). With the acceleration of 
construction in the late 1940's, much more consideration has been 
given to the possibility of using zoning to control flood plain 
development in the United States. 
A very comprehensive review of flood plain zoning in the 
United States is given by Leopold and Maddock (3) in their flood 
control review sponsored by The Conservation Foundation excerpts 
of l~ich follow: 
'~he possible types of zoning restrictions have generally 
been classified: 
1. Restrictions on use of land within reservoir areas and 
below the elevation of the spillway crest. 
2. Restriction on type of building construction or use of 
land subject to flood hazard in areas where no physical protection 
is afforded, or in partially protected a~eas. 
3. Conversion of areas that are subject to floods to uses in 
which potential loss would be substantially lower in cost. 
·-. ·• 
Flood detention reservoirs. particularly those having little or 
no conservation pool. stand empty for such long intervals that it is 
desirable to utilize land 'Within the reservoir area. Regulations should 
provide for a type of use commensurate with the hazard involved. 
Regulations governing the use or such reservoirs are well exempli-
fied by those of the Miami Conservancy District (4). In the reservoir 
areas of the five dr.y retarding basins, structures of non-floating 
materials, not intended or suitabl.e for habitation, may be erected with-
in the reservoir area where the ground elevation is not more than 12 
feet below spillway crest, provided such structures are securely 
anchored to non-f'loating bases or foundations. Human habitations are 
permitted onlY on sites located less than tive feet below spillway 
crest. In the Muskingum Watershed Conservancy District ( 5) 1 no 
buildings may be constructed below spill~ elevation within any 
reservoir area. 
Up to the present date zoning to restrict the use of flood 
plain land in the United States has been of ver.y limited application. 
Relatively few zoning laws have been written and tested in the courts. 
However. there are sufficient examples to show some of the problems 
that arise ani to provide some intimation of how zoning might stand 
the future tests as to its legality. The City of Keene, New Hampshire 
amended its general zoning ordinance to provide for the prevention of 
flood damage. The amendment prohibited the construction o£ dwellings 
in areas subject to periodic flooding unless prior authorization had 
been received from the board of adjustment. Such authorization is 
based on findings that "the location and the plans • • • are such as will 
not be injurious to ••• the health ••• of the occupants". The board 
"shall impose appropriate conditions and safeguards for the protection 
of the occupants, the neighborhood and the public". (6) 
s 
Prior to the enactment of this ordinance a company had purchased 
land from the city for the purpose of subdividing for residences. Part 
of the land was fiooded each spring when the ice melted in a territory 
of the Ashuelot River. Suit was brought by the purchaser on the grounds 
that the city had sold the land as £it for residences and subsequently 
prohibited such development. The plaintiff claimed that the ordinance 
was unconstitutional and an improper use of police power. The exercise 
of the police power was upheld. One of the judges in the circuit court 
of appeal.s declared that there had been a :ttproper exercise of the 
city's police power in order to protect possible purchaaers being 
victimized., as the plaintiff was victimized by the City itself" (6). 
A particularly advanced effort to develop logical flood zoning 
regulations has been made by Milwaukee County, Wisconsin. As ex-
plained b,y Behrens (7), '~he problems confronting Milwaukee County 
with respect to flood lands in which residential construction has 
taken., and is taking place are probably little different from those in 
dozens of other American Metropolitan Regions. As development moves 
outward from the more densely populated urban sections., homes are 
built along the water courses or streams., sometimes in areas of low 
elevation and subject to flood. The unsuspecting lot purchaser 
usually views his prospective home site under the best of conditions -
summer season, bright snnshine, a mere trickle in the stream., and a 
pleasant outlook. He builds a home - and to his dismay at a .later 
date finds his property inundated and his basement filled with water. 
Inunediately he seeks relief through his local. governing body, which in 
the areas under consideration in Milwaukee County is a town board. 
Unable possibly to obtain what he believes to be necessary action, he 
hastens to his County Supervisor, greatly distressed at the situation 
with which he is confronted and indignant that remedial measures are 
not immediately forthcoming ••• " 
The County of Milwaukee sought a solution to this typical 
example for a zoning need through the use of state enabling legis-
lature which made it possible for a county to regulate, restrict, and 
determine areas along natural water courses where the erection of 
structures and the location of buildings may be prohibited or 
restricted. Following this basic legislation, a petition was submitted 
to the County Board of Supervisors requesting that approximate~ three 
miles of stream va11ey subject to overflow be declared a flood district. 
This petition was discussed at a public hearing on Januar.y 17, 1949. 
Behrens ( 7) says, "those o'Wning lands within the proposed flood 
district were vehement in their protests that to incorporate their 
ownerships within such a district would make property sales difficult, 
it not impossible • • • Efforts to explain the proposed zoning and its 
purposes were unavailing. The county was accused of making the 
proposal to hinder sales of va.J.l.ey land, thus loweri.ng values and 
enabling the county ultimate]Jr to purchase the lands for parlofa3r 
purposes at a low figure". 
Although this initial proposal. was not accepted, a second public 
hearing was held later with regard to a petition to place certain lands 
along the little Mendomnee River in the restricted categor.y. At this 
hearing there was little opposition to placing lands in the district, 
and the zoning amendment was subsequently passed by the County Board. 
The Milwaukee county zoning ordinance pertaining to restrictions 
along streams incorporates some very practical ideas. In a declared 
district no building or structure may be erected unless the ground is 
raised to such a level that the main floor shall be not less than 3 
feet above the high water level as shown on specified county maps. 
Furthermore, no basement floor or other floor shall be constructed 
below or at a lower elevation than the main floor. In the so-called 
channel district no building or structure, except bridges and daw~, 
may be constructed. 
'l'he purpose of the zoning ordinance (8) is stated as follows: 
''The enactment of said section of this ordinance is essential 
to the promotion of public health, safety, convenience, morals, 
comfort ani general welfare of lfilwaukee County, in view of the 
periodic floods that occur along certain natural water courses, 
channels, streams and creeks in the county whereby the County Board and 
the Town Board are called upon to prevent flooding and to erect flood 
control works at great cost and inconvenience to the residents of 
Milwaukee County, because of unregulated and unrestricted developme~nt 
'Which has taken place in the flooded areas herein referred to" (3)". 
Another approach to zoning as reported in a very comprehensive 
report by Joseph J. Perrey ( 9) 1 Chief Engineer, Indiana Flood Control 
and Water Resources Commission was at Speedway, a suburb of Indiana-
polis, Indiana. A new subdivision was developed with a flood protection 
9 
levee built by the subdivider. The impelling force that caused the 
subdivider to furnish the protection~ in this case, was not the require-
ments of the city or county plan comissions nor flood plain ordinances~ 
but the refusal. of the Federal Housing Administration to guarantee loans 
on any of the houses to be built in the area until. the f'lood protection 
works had been approved by the Indiana Flood Control and Water Re-
sources Commission. 
Although 1.imi ted zoning regulations have been applied in various 
communities in the United States, it was not until 1956 that the first 
real pioneer work was done on a major scale in the field of f'l.ood. plain 
zoning ( 10) • It was in that year that the State of Connecticut em-
barked on a major flood control effort, through a flood plain zoning 
program with teeth, that is unparalled in the nation. Ten years ago, 
the state had anacted a law all.owing individual municipalities to set 
stream encroachment lines. But not one town did. In the aftermath 
of the 1955 floods, which caused $370,000~000 damage in Connecticut, 
the State Legislature directed the State Water Resources Commission to 
establish" • • • on any sizeable stream, lines beyond which ••• no 
obstructions or encroachment shall be placed • • • unless specifically 
authorized by the Commission" (10). 
To determine the location of the encroachment lines it was first 
necessar,y to estaBlish a design flood magnitude. Connecticut called 
upon the United States Geological Survey for assistance in this regard. 
Two expert hydrologists from the Water Resources Division of the U. S. 
Geological Survey~ B. L. Bigwood and M. P. Thomas~ produced a flood 
frequency curve for the entire state and a remarkably simple and 
accurate formula for determining design flood flows for a given 
drainage area anywhere in the state. 
The Consulting Engineer Firm of Howard, Needles, Tammen and 
Bergendoff was engaged by Connecticut's Water Resources Corr~ssion to 
start from the Bi~rood-Thomas flood flow formula and help develop a 
method for computing bacbvater curves and criteria for setting 
stream encroachment lines. The author 1 through personal corres-
pondence with this consultant firm (11) 1 has determined that the 
standard hydraulic step method based on the Bernoulli Equation was 
utilized for backwater curve computation in Connecticut. 
The net result of Connecticut's outstanding work to date is 
that encroachment lines have been set on approximately 110 river 
miles of a presently planned 150 river mile program. However, it is 
worth noting from infor.mation furnished to author by John J. Curr.y 
(12), Chief Engineer, Water Resources Commission, State of Connecticut, 
that costs for this project have been as follows: 
"Channel line surveys --------- $1500 per mile 
Computations and reports ------- $1200 per mile 
Final Line Survey ---------------$2000 per mile 
'~he miscellaneous item includes the legal recordings, repro-
ductions, advertising and the conducting of the public hearing re-
quired under the statutes. The cost of markers, etc. is included in 
the final line survey, which produces net only a document suitable 
for filing in the clerk's office, but the field monumentation 
necessary for engineers to recover the lines". 
In another communication to the author from Mr. Curry (13) 
the legal aspects or police power authority o£ the State or Connecticut 
in flood plain zoning were discussed as well as the unfortunate, but 
to be anticipated, opposition to the zoning by locally affected 
property owners. Quotes from this cormnunication follows: 
"In drawing up the statute the legislature had little prece-
dent to work upon except that this same manner o£ thing is done in 
local zoning ordinances. Apparently the legality of the legis-
lature's direction to the Commission is based on two sentences which 
are contained in the statutes in a "Declaration o£ Policy". These 
sentences are as follows: 
"It is further found and declared that because or recurrence 
of severe flooding of many of the waterways of the State and 
their tributaries, taking a high toll of life and property 1 
extensive fiood protection measures must be inaugurated. It 
is, therefore, found and declared to be in the public in-
terest that encroachment lines along waterways be established 
and any flood control features of dams and reservoirs be 
utilized as part of the construction and installation of any 
flood control project". 
Our procedure so far under these statutes has produced en-
croachment lines over a number of parcels far in excess of one 
thousand. These actions have brought court appeals from eleven 
owners. In some cases these appeals may be just a procedure for 
the record in fUture negotiations. One of these appeals has been 
tried and another is now in the process of trial. 
In the first case the court found against the Commission, 
apparently on the basis of the legality of the entire statute. Our 
Attorney General's office now has this under appeal to a higher court. 
Naturally a..fter carefully setting up the procedures to comply with 
the law it is our feeling that the ultimate decision will be in our 
:favor. However, you can appreciate that we are probably prejudiced 
on this side of the issue". 
As a final review of literature and investigation into what has 
gone before in the problem of flood plain zoning, it is appropriate 
to consider in this regard the policy and actions of the main prime 
mover of flood control programs in the United States - The Federal 
Goverrunent. 
The evolution of federal interest in flood protection began 
with the Swamp Land Act of 1849 and 1850, granting unsold swamp and 
overflowed lan:ls to Louisiana, Arkansas and other states containing 
similar lands. The lands were to be sold by the states and the 
proceeds used for drainage, reclamation, and flood control projects 
( 14). Although there were numerous regional flood measures taken 
after this initial date it was not until 1928 that congress assumed 
federal responsibility for a large scale effort, authorizing 
appropriations of $325,000,000 for control of floods in the alluvial 
valley of the Mississippi. 
In this 1928 Act Congress took the first step toward the 
modern flood management approach to flood control; although it made 
immediate provision only for extension of the levee system and 
diversion t1oodways, it directed the completion of studies for 
supplementing the levees by a s.ystem of tributar.y reservoirs. Con-
gress had previously, however, laid the basis for the later multiple 
purpose approach by authorizing the army engineers to undertake the 
surveys which resulted in the important "308 reports" that established 
a technical background for the tremendous expansion in flood control 
activity Which got underway following the 1936 Flood Control Act (14). 
The rapidity with which federal responsibility for flood control 
has expanded is perhaps best illustrated by the magnitude of our 
national investment. "During the eighty years prior to 1936, federal 
expenditures for flood control were relatively insignificant, 
totaling only about $4001 000,000. In the sixteen years between 
July 1, 1936 and June 30, 1952, the appropriations to the Corps of 
Engineers, the Department of Agriculture's programs for ''Runo:ff and 
Water:f1cw Retardation and Erosion Contro1•, and the allocations for 
flood control to the Bureau of Reclamation and the Tennessee Valley 
Authority reached a grand total of about $3 1 500,000,000. Further-
more, at the present time it is anticipated that an additional 
$7,600,000,000 will be needed to complete and construct works alreaqy 
authorized" (1). The point to be made at this time is not of waste 
nor of misguided effort, since any fair appraisal of long range 
government expenditures must also take into consideration the tre-
mendous increase of wealth and gross r. ~tional pr oduct t hat has 
during this same period been placed in flood pr one areas. The r eal 
point of inference is that t his tremendous recent activity has under-
standably brought about a sudden change in the policies and actions 
of the Federal Government insofar as their activ~ participation in 
:flood control matters are concerned. 
As applied to flood plain zoning, the Federal Government has 
not yet played a major role in this program. During the last few 
years there has been increased awareness of the need for more 
positive activity in flood plain zoning than "lip service" praise by 
Governmental Executives and Engineers. Certainly the Federal Govern-
ment has not yet played a major role in this ver.y necessary program. 
However, it appears certain that to protect the presently programmed 
so called "completed" flood control protective measures active f'lood 
plain zoning by one means or another must be assured by the Federal 
Government. 
Adequate police power authority tor modification of flood. 
control projects alrea~ authorized by Congress through zoning or 
even forced evacuation, has been available to the Corps of Engi-
neers since the F1ood Control Act of 28 June 19.38 (15) but this 
authority has been seldom exercised. As late as 1950, the official 
position of the Federal Government was that "flood plain zoning is a 
function of the police power of the States, which may be delegated to 
the local subdivisions" (14). 
However, recent events have clearly indicated that Wlless the 
states or local municipalities are "stung" into action by a severe 
flood, as was the case in 1955 in Connecticut, there will never be 
enough local central authority, competent engineering, nor initiative 
to establish a working flood plain zoning program. 
Finally, the federal flood insurance act of 1956, section l2(c) 
of public law 1016 set up provisions for the fixing of flood zoning 
restrictions wherever the administrator (housing and home finance 
agency) may deem necessar.y , in order for a community to qualifY for 
benefits under the law. The act thus recognizes .flood plain zoning 
as a legitimate means of flood damage reduction . 
In closing the review of literature section of this repor t it 
might be well to sum up what has gone before in the .flood plain 
zoning program: 
1 . Although there has been a gradual build up of interest , 
knowledge and technique in its application, and in spite of un-
ani.mous agreement by "experts" as to its value, with the exception 
of a start in Connecticut, nothing much has been done to establish 
flood plain zoning in the United states . 
2 . The fundamental problems of flood plain zoning, which will 
be discussed in more detail in subsequent chapters of this report , 
appear to stem from ignorance by all concerned with the mechanics of 
stream .flow and the subsequent role of the flood plain ; too rm.1ch 
emphasis on "police power" legislation to enforce zoning and not 
enough use of "economic gravity" by restricting loans through 
keeping financial institutions informed of flood hazards; and 
finally, the lack of a uniformly operated centralized control . 
CHAPTER III 
FLOCD PLAIN ZONING 
As stated in the introduction, one o£ the purposes or this 
investigation is to demonstrate the basic mechanics of a properly 
executed flood plain zoning program. To assist in achieving this 
purpose, a 1,200 foot reach of the Gasconade River, and its flood 
plain, at Jerome, Missouri was selected for study. Although no one 
site nor area can possibly illustrate all the hydrological, hydraulic, 
economic, or legal aspects of flood plain zoning, it is felt that 
the ruajority of the problems and procedures can be illustrated from 
this typical flood plain region. In instances where principles 
discussed cru1not be demonstrated at this site, they will be so noted 
and given special consideration. 
Figure 1 is a vicinity map and Figure 2 a location map for 
this area. A photograph taken from East Bank showing the U. S. 
Geological Survey Stream Gaging Station at Jerome, Missouri is given 
in Figure 3; and Figure 4 is a photograph of the Gasconade River 
flood plain taken from bluff 1,400 feet due east from this gaging 
station. 
I. THE ROLE OF THE FLOOD PLAIN 
Since this entire investigation is pointed toward the flood 
plain, and the flood control measures to be taken thereon, it 
logically foll~s that this discussion should begin with a descrip-
tion of the typical river flood plain. Again excerpts from Leopold 
and Maddock's research work (3) follow: 
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FIGURE 1: VICINITY MAP FOR U.S. G. S. GAGING STATION (61) AT 
JEROME, MISSOURI 
SCALE 1: 24000 
CONTOUR INTERVAL, 10 FEET 
FIGURE 2 : MAP SHOWING THE GASCONADE RIVER AND ITS FLOOD 
PLAIN AT JEROME, MISSOURI 
I ' 8 
~19 
' FIGURE 3 = PHOTOGRAPH OF U. S . GEOLOGICAL SURVEY 
GAGING STATION AT JEROME, MISSOURI 
FIGURE 4= PHOTOGRAPH OF FLOOD PLAIN EAST OF U. S. G. S. GAGING STATION ON 
GASCONADE RIVER AT JEROME, MISSOURI 
t20 
''The river channel is constructed by the river . On most days 
of each year the channel is far :from full , and the water fills only 
the bottom section. On several days of each year the channel is 
three quarters full, and about twice a year, on the aver age, the river 
.flows bank .full. 
Flows so large that they cannot be contained in the river 
channel ruust spread out over the £lood plain . The flood plain is the 
place where nearly all .flood damage occurs , because man grows crops 
or has built buildings on an area which the river must at times cover 
with water. Man has encroached on a part of the river, and when 
inundation occurs he berates the river for the destruction wrought . 
The river has constructed not only its channel but al.so its 
flood plain. One may ask why the channel built by a river is not 
generally large enough to carry the unusually large flow. It may 
be stated in answer that a series of complicated actions and re-
actions of water and sediment leading to a type of equilibriurrt be-
tween river water and river channel requires the existence of a 
flood plain. A flood plain, then, is defined as a smooth, or 
relatively flat, area bordering a stream and built of sediments 
carried by the stream. It is called a living flood plain if it is 
overflowed in times o.f high water. 
At what elevation above the stream bed is the :flood plain 
surface? The stage or water level in a stream channel varies from 
day to day and from season to season. There is a much greater 
nQmber o.f days o.f low discharge than of high discharge. The height 
of the flood plain surface is not determined by the truly 
extraordinary floods because of their rarity, but by the more common 
floods of moderate size . That is '\IDY the river channel is not built 
with banks high enough to contain the unusual flood . It is axiomatic , 
then, that during the unusual flood the flood plain is truly a part 
o:f the river channel". (3) 
This can perhaps best be visualized by referring to an 
example . Frequencies of various flows in the Gasconade River at 
Jerome , Missouri are summarized in Figure 5. These sketches indicate 
the frequency at which various amounts of l"fater occur in the channel : 
Flows approaching or just exceeding bankfull occur approximately once 
each three years; once in ever,y ten years the stage is as much as 
seven feet above bank full capacity . The example supports the 
generalization that the flood plain is a part of the river channel 
during high waters . 
What then can man do to secure protection if he has already, 
unknowingly or irregardless of the flood hazard, built considerable 
wealth on this flood plain? As previously mentioned in the intro-
duction1 he may artificially change the physical characteristics of 
the river through the construction of storage or retarding dams 
upstream; he may construct levees, or dredge the channel adjacent to 
the flood plain; or in smaller areas he may modify the upstream land 
use so as to increase its infiltration capacity and thereby decrease 
runoff. However, it must be clearly understood that any hydraulic 
structure that is built to provide flood protection downstream or in 
adjacent areas is limited in two ways: first, it is designed to 
protect only up to a specified design flood value, which obviously in 
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nature could be exceeded; and secondly, the sphere or zone of 
infiuence of the structure can only apply a certain limited distance 
downstream. It is economically infeasible, and hydraulically and 
hydrological practically impossible 1 to keep all rivera at all times 
in their channels and off their flood plains .from their headwaters 
down to their ultimate ocean destination. However, it is possible 
and economically justifiable to construct protective works in areas 
where existing economic wealth on the flood plain can support cost of 
required protection. 
Once the protective flood control works have been constructed, 
and their zones of influence or control over the river's normal 
tendency to occasional occupy the flood plain determined, is further 
action required? Should some zoning action be taken to channel 
.further econond.c development into areas already protected? Does not 
the same "public health, welfare and economic benefit" responsibilities 
of the state carry over into this situation in the same manner as 
would their responsibility for the proper planned location of a new 
sewage treatment plant? 
When one considers the basic role of the .flood plain as a part 
o:f the river channel dur.i.ng an unusual flood, and when one considers 
the limited extent of infiuence of even a major protective flood 
control project and its correspondingly tremendous cost, common sense 
clearly shows that "engineered" zoirl.ng is a mw st. In addition, modern 
engineering with greater ground water utilization c om.bined "With lower 
electrical pumping rates; efficient secondary sewage treatment plants; 
low exoavation cost; and widespread rail, motor and air service make 
it less and less important to situate new factories, commercial or 
domestic structures on the low flat river flood plains. 
So far in this investigation, the emphasis has been on why we 
need some form of flood plain zoning. Now, assuming the point has 
clearly been made that it is economically infeasible and often 
physically impossible to provide adequate flood control measures for 
ever.y locality subject to flood damages; and further, assuming that 
the need then for certain corrective and preventive measures to adjust 
man's activities on flood plains to the regimen of streams has been 
clearly established, the ne.xt question would be: 1'Wha.t are the basic 
steps necessary to set up a flood plain zoning program"? 
Putting aside for the moment the question of which agency, 
federal, state or local, should be responsible for executing a flood 
plain zoning program; and likewise deferring for the present the 
decision as to whether zoning should be established through police 
power legislation or "economic gravity" 1 the next point of investi-
gation is to consider the various forms of hYdrologic data and hy-
draulic studies required in flood plain planning. 
Adequate flood plain zoning consists of three basic procedures: 
f'irst, the determination of the .frequency and magnitude of the design 
flood; secondly, the translation of this design flood by hydraulic 
calculations from water surface profiles to actual encroachment lines 
so as to pnysically locate on the ground the zone affected by the 
design f'J..ood; and finally, to take the proper control measures to 
assure that a sensible adjustment of land use to the fiood peril is 
made. 
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II • DEI'ERMINATION OF THE F~U.ENCY AND MAGNITUDE OF THE DESIGN FLOOD 
A lm()wledge of flood frequency is necessary to relate flood 
plain occupancy to the risks involved. If a flood of a given magni-
tude occurs with an average frequency of once in 100 years there is a 
1 percent chance, or 1 chance in 1001 that such a flood will occur 
during any one year; a flood whose magnitude is likely to be exceeded 
on an average of once every 25 years is a 4 percent chance fiood 1 etc. 
This method or designating flood frequency as suggested by Hazen (17), 
is to be preferred for the reason that the average person considers a 
flood having "a .frequency of once in 100 years" as carrying no present 
threat, but likely to occur only a.fter a lapse or 100 years. On the 
other hand, a "1 percent chance .flood" at once conveys the impression 
that there is 1 chance in 100 that such a flood will occur within a 
year; furthermore, that it is just as like:cy to occur this year as any 
other year; and that is the exact impression that should prevail. 
Methods of flood frequency analysis, u~ based on statis-
tical theories 1 are almost as numerous as investigators in this field. 
Descriptions of diverse methods are scattered throughout engineering 
flood literature. It is b49'ond the scope of this investigation to 
discuss or review all the varied proposals, theories, and formulas 
developed in this regard. 
However 1 based upon investigation by the aut}_lor into the many 
various means for determination of the design flood for proper flood 
plain zoning, and in spite of inherent advantages of one particular 
system over another in some one particular area, one definite method 
appears to be far superior to all others. This method is the 
determination of the design flood through utilization of standardized 
regional flood frequency data as published by the United States 
Geological Survey. 
This standardized regional flood frequency data, recently pre-
pared for each s~p~rate state in the United States by highly skilled 
research hJldrologists of the United States Geological Survey, in 
cooperation with the state High~ Departments, provi.des a remarkably 
simple and yet ver.y accurate procedure for determining design flood 
flows for a given drainage area anywhere in the United States. 
It is certainly appropriate to note, at this time, that the 
"Bigwood-Thomas" design .formula, used by the state of Connecticut in 
their major pioneer flood plain zoning work previously mentioned, was 
in reality the United States Geological Survey regional flood fre-
quency data published for application in the State of Connecticut (18). 
Based on this research information, the appropriate u.s.G.S. 
regional fiood frequency data report for Missouri (19), has been 
selected for determination of the design flood in the area selected 
for study in this investigation, the Gasconade River at Jerome, 
:fl.tissouri. This complete report is given in the appendix and has been 
purposely incorporated into this thesis to provide: first, the 
specific step by step procedure for obtaining the design f1ood on the 
Gasconade River at Jerome 1 Missouri; and secondly 1 to illustrate for 
any region in the United States, the general criteria and method of 
approach used by U .s.G.S. hydrologists in obtaining regional .f'lood 
frequency data. 
Before passing to a review of the U .s.G.S. regional f'l.ood 
frequency data and the numerical calculation of Q design, the question 
of what should be the design frequency for flood plain zoning must be 
examined. The real question here then is not of fiood magnitude as 
perhaps might be expected, but the chance or probability of its 
occurrence. In other words 1 should the area to be zoned be made safe 
against the 2 percent, or the 1 percent, or the 0.1 percent chance 
flood or against the maximum flood that may ever be anticipated? 
Obrlouszy a question of this nature concerns itself not only with 
hydrologic factors but with economic and political factors as well. 
Its exact determination then is also keyed in with the agency, be it 
federal, state or municipal, responsible for the zoning program. 
However, in general, it is the considered judgment of the 
author that a 50 year recurrence interval, the 2 percent f'l.ood, 
should normally be used in fiood plain zoning. This statement is 
based on the inescapable fact that in any prediction of fUture 
events, the probable error depends upon the number of independent 
samples available and that no amount of juggling or manipulation of 
data can possibly reduce that error (20). Measurements of stage 
height have been made on Egypt's Nile River for centuries; but un-
fortunately in the United States, 50 years is about as far as our 
e.x:i.sting records will let us predict with any reasonable degree of 
accuracy. In addition, 50 years appears to provide, in almost every 
instance, occupation by the river of the majority of the unprotected 
river flood plain. Also, a 50 year recurrence interval generally 
equals or exceeds the useful service period of most man made 
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structures • However~ we must not lose sight o£ the fact that in 
anyone region~ in spite of what is provided~ the 1~000 year flood~ 
that "0.1 percenter", might coeur tomorrow. In the .final a.nal.ysis~ 
any flood control program~ be it protection or zoning, is not in 
reality capable of removing completely the flood hazard that man's 
occupation of the river's flood .plain has produced; but rather it is 
easing the flood problem by providing a marked reduction in future 
flood damage. 
As previously mentioned then~ the u.s.G.S. regional flood 
frequency data is included in the appendix to insure not onlY a 
direct understanding of the design flood determination on the 
Gasconade River at Jerome~ Missouri~ but also to illustrate its 
overall application in a national flood plain zoning program. The 
reader's attention is particularly directed to the very first page 
of this U.S.G.S. flood frequency report where the step by step 
procedure for determining the design flood £or aqy location in the 
state is listed. 
III. ILLUSTRATION OF DESIGN FLOOD DErERMINATION ON GASCONADE RIV.ER 
AT JEROME~ MISSOURI. 
Having examined the U .S.G.S. regional flood frequency data for 
the State of Missouri, its application will now be illustrated by 
establishing the design flood for £lood plain encroachment line 
determination on the 1~200 :root reach of the Gasconade River at 
Jerome~ Missouri. 
The reader's attention is now directed to the six step pro-
cedure listed on first page of u.s.G.s. Circular 370: 
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Step 1 Determination of drainage area of Gasconade River above 
the U.S.G.S. Gaging Station at Jerome, Missouri. 
In this particular instance, the drainage area size (2,840 sq. 
mi.) can be obtained directly from U.S.G.S. existing records at their 
stream gaging station (21). In the general case, the drainage area 
can be obtained by defining upstream topographic divides on a topo-
graphic map of suitable contour interval and obtaining square miles 
through planimeter.ming the area. 
Step 2 From Figure 1 of U.S.G.S. Circular 370, obtaining the 
number of the hydrologic area in which the site is located: 
Examination of Figure 1 and the location of the gaging station 
at Jerome, Missouri place this site in hydrologic area 5. 
Step 3 From Figure 4 of U.S.G.S. Circular 370, obtaining the 
mean annual n. ood: 
Exa.nd.nation of Figure 4 gives a mean annual n.ood :for this 
area of 35,000 cfs. 
Step 4 From Figure 5 of U.S.G.S. Circular 370, identifYing 
the flood frequency region in which the site is located: 
Examination of Figure 5 places Jerome, Missouri in flood fre-
quency region B. 
Step 5 From Figure 6 of U.S.G.S. Circular 370, determining 
the ratio to mean annual flood for the selected recurrence interval: 
For reasons as previously discussed, a recurrence interval of 
50 years was selected by author and Figure 6 gi vas a 50 year ratio to 
mean annual fiood for Region B of 3.83. 
Step 6 Multiplying the ratio to mean annual flood (Step 5) 
by the mean annual fl.ood (Step 3) for obtaining the design .flood 
magnitude: 
Design Flood = 3.83 (Step 5) x 35~000 (Step 3) = 134~050 cfs 
Use 134~ 000 cfs 
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IV. BASIC CONSIDERATIONS FOR DErERMINATION OF S~I ENCROACHlviENT LIN:BS 
Having examined the general factors involved in establishing 
the design fl.ood for any region in a flood plain zoning program, and 
having applied these factors to determine the specific design flood 
magnitude and frequency (134,000 cfs~ 50 yr. R.I.) at the site 
selected for stuqy in this investigation, the next consideration is 
the development of hydraulic criteria for the establishment of 
stream encroachment lines. 
Af'ter reviewing aJ.1 available 1i terature and publications for 
flow in open chazmels ~ including examination of procedures used by 
Ho-ward, Needles, Tammen & Bergendo.ff ~ Consulting Dlgi.neers (ll), in 
their pioneer work in Connecticut's flood plain zoning program, it 
was decided that the standard step method of determining water sur-
face profiles, would be most adaptable for establishing stream 
encroachment lines. A very good presentation of this method is given 
in the U. S. Arrey" Corps of Engineers' Manual for Civil vlork Con-
struction (22). 
The standard step method is based on Bernoulli's Theorem. 
The principle of this theorem as applied to open channel flow may 
be stated as follows: The sum of the water surface el.evation and 
vel.eci ty heai at aay peint is equal. to the sum o~ the corre~ond.ing 
quanti.ties pl.us the intervening l.osses of head, at any section down-
stream. This principl.e is illustrated in F.lgure 6. App:cying 
Bernoulli's Theorem between Sections l. and 2: 
El =- E2 
Z1 + HV]. • Z2 + Hv2 + HL 
Rearranging the terms gives the basic equation as used in the deter-
mination of the water surface for establiahing stream encroachment 
lines. 
z2 a z1 + Hvl. - Hv2 - HL 
This method is widely uaed. for determining water •ur£ace pro-
.ti.l.es in natural. channels. It. gi vea rellabl.e resu1ts for streams 
having frequent changes in slope~ cross section and roughness. 
In this method it is necessary to uae measured reach lengths 
(l.ength of channel. between cro.s-sections) and cross sections. 
Appropriate method• are empl.oyed to compute the intervening losses, 
which are necessar.y for the determination of successive water sur-
faces. Reach l.engths am cross sections are obtained by .tiel.d sur-
veys. A detailed discussion o£ the separate elements of the step 
method of determining water surface profil.es follows. 
Manning t s Formula o~ the intervening l.osses between the 
upstream section aDi the downstream section, the friction usually 
is the most significant. There are several methods o.t determining 
the friction loss~ of which Mann:i.ng' s Formula is the moat widely uaed. 
The Manning Formula as accepted for the solution of steady .flow 
problema is usually written as fol.l.ows: 
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FIGURE 6: IL L USTRAT ION OF BERNOULLI'S THEORM 
Q = 1.486 A R2/3 sl/2 in which 
n 
g is the rate of flow or discharge in cubic feet per 'eoond, 
ll is the coefficient o£ roughness. This coefficient ~d the 
selection thereof is explained more fully in the subsequent 
section. 
A is the flow area o£ a cross-section of the stream, 
E. is the hydraulic radius, and is equal to the area divided by 
the wetted perimeter, 
2 is the friction slope, or the slope of the energy gradient, 
when no other losses are present. 
The terms A and R are readily determined from the cross-sections of a 
river. These terms are also a function of the depth of flow • If 
these two tenns are combined with the constant 1.486 and plotted 
against depth or water surface elevations the resulting curv~ is 
called a v-onveyance or K curve. Substituting K ~ 1.486 A R2/3 sl./2 
in Manning's Fonnul.a, this formula becomes Q • KSl/2, which can be 
n 
solved for slope. The friction slope multiplied by the dist$nce 
between cross-sections gives the friction loss. This is the for.m of 
Manning's Formula then that is used in computations for watex- surface 
profiles. 
Values of ttnn. The value o:f ttn" in the Manning Formula is a 
variable called the roughness coefficient. This coefficient varies 
with the physical characteristics of the channel, debris, solids in 
the flow and with the hydraulic radius. The effect of the hydraulic 
radius is slight and in most cases is disregarded. 
There are three methods of determining ''n" for a natUt'al channel. 
1. The first method is by computing the value o:f ttntt from 
known conditions. In order to use this method, it is necesa•r.y to 
have an accurate and comprehensive series of water surface profiles, 
the discharge quantities for these profiles, and cross-sections of the 
stream. Quantities obtained from these sources are substituted in 
Manning's Formula and ''n" is computed. 
2. In locations where water surface profiles and discharge 
quantities are not known, the stream is compared with streams of the 
same general characteristics that have lmown values of "n". Based 
upon this comparison an estimate of "n" is made. 
3. The most common method for determining "n" is based upon a 
combination of the two methods given above. For parts of streams 
where there is sufficient data, the ''n" va1ue is computed. For other 
parts where data is insufficient, a comparison of the cross-sections 
is made with those used in computing "n" and an estimate is made . 
In this particular study the author was assisted in the 
selection of his ''n" factors by experienced hydraulic engineers from 
the U. S. Geological Survey regional office in Rolla, Missouri . A 
study was made of the coefficients used by these engineers and a 
tabulation of the values is given in Table 1. 
Controls and Starting Elevations. Whenever possible, backwater 
computations are started at a point of control where the water surface 
elevation can be determined. This may be at a gaging station, a dam, 
or a section where the flow passes through critical depth. For 
these conditions, the water surface elevation is established from the 
rating curves or from the critical depth as computed for the design 
.flood. 
TABLE I 
ROUGHNESS COEFFICIENTS USED BY THE U. S. GEOLOOICAL SURVEY 
MAlll CHANNEL 









Regular almost brapezoidal or 
rectangular channel with dressed 
bottom. 
Fairly regular almost trapezoidal 
channel with bottom of gravel or 
small boulders 1 no bank growth. 
More irregular and more saucer 
shaped channel than above with 
bottom of gravel or small boulders, 
no bank growth. 
Same as (2) except with light bank 
growth such as evergreens or small 
trees. 
Same as ( 2) exoept with medium to 
heavy growth of trees ( 4" to 10" in 
diameter). 
OVmBANK FLeW 
On adjacent highway with no bank 
growth or very .flat smooth flood 
plain wi. th no bank growth. 
On adjacent high~ with light bank 
growth such as evergreens or small 
trees. On adjacent railroad with 
no bank growth. 
On adjacent highway with medium to 
heavy bank growth. On adjacent 
railroads with light bank growth 
such as evergreens or small trees. 
On fairly rough flood plain with no 
growth. 
No. Roughness Coefficient '~" 
9 0.040 
10 0.050 to o.o6o 
11 0.070 to 0.100 
Condition 
On f'airly rough tl.ood plain w1 th 
light growth. 0n adjacent railroad 
with mediwn to heavy bank growth. 
On fairly rough flood plain with 
medium to heavy growth. 
On very rough fiood plains with 
heavy growth. 
For certain cases where control sections are not available, 
it is necessar,y to start the backwater computations from assumed water 
surface elevations downstream from the section at which the water sur-
face elevation is required. Two methods of analysis may be used . 
Compute and use the normal depth for a section at a distance 
sufficiently far downstream so that aQY error in the normal depth 
computation will be removed by the time the backwater computation 
proceeds upstream to the starting point of the water surface profile . 
Begin the backwater computations at an assumed trial ele-
vation at a location some distance downstream. The error resulting 
from an incorrectly assumed trial elevation decreases, as the com-
putations proceed upstream. Assume a second trial elevation at the 
same downstream location and make a second backwater computation. If 
the starting location is sufficiently far downstream, and if the 
trial elevations are reasonably near the true water surface ele-
vation, the water surface profile from the two backwater computations 
will merge before the computations reach the section at which the 
water surf'ace elevation is required. 
Calculations of Miscellaneous Head Losses: other considerations 
to account f'or in this method of analysis are losses due to bends, 
bridge piers and abutments, expansions and contraction of the channel, 
dams, weirs arid overbank flow. The procedure for each of these 
conditions is explained below. 
1. Ef'fect of bends: For gradual bends, no additional head loss 
is considered to occur. When it is considered that the bend in the 
river is sufficient to cause additional head loss, the roughness 
coefficient for this reach of the river is increased by 0.005. 
2. Backwater effect due to bridge piers: The D'Aubuisson 
formula is used to determine the backwater effect due to bridge 
constrictions. Its use is normally recommended with the appropriate 
coef'ficients as established by David L. Yarnell and published by the 
U. S. Department of Agriculture in Technical Bulletins 442 and 429. 
This f'or.mula~ convenient and simple to use~ gives essentially the 
same results as other more complicated methods. The D'Aubuisson 
formulaH:s~us[(~::); ~:vn 1 2G 
g. is the discharge through the bridge. 
K is the Yarnell coefficient based upon characteristics of 
- the bridge in question. 
w2 is the actual waterway width under the bridge. 
G is the acceleration due to gravity. 
vl is the velocity upstream from the bridge. 
D1 is the depth upstream from the bridge. 
DJ is the depth downstream from the bridge. 
HJ is the baCkwater effect or loss of head due to the bridge 
and is equal to D1 - D3. 
Figure 7 explains this nomenclature. 
In computing the backwater curve upstream, the value of D3 is 
determined. HJ is then assumed and added to o3 to obtain a trial water 
surface elevation for the upstream side of the bridge. With the up-
stream water surface elevation, H3 is computed from the formula by 
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should equal the assumed value. If it does not~ a new value o:f H3 is 
assumed and the process repeated. The follow.ing values of the 
coefficient K are used in the D'Aubuisson For.mula: 
1. For bridges with abutments only K= 0.95 
2. For bridges with abutments and one pier K= 0.90 
J. For bridges with abutments and more than 
one pier K :a O.S5 
3. Backwater effect due to submersed bridges: When a bridge is 
submerged~ the backwater effect is determined by applying the sub-
merged orifice formula for the flow through the bridge opening and 
the weir formula for the flow over the bridge and bridge approaches. 
A conservative discharge coefficient of 0.70 for the orifice and 2.70 
for the weir are commozicy" used in this type of computation~ the values 
of the coefficients are the values recommended by the U. s. Corps of 
Engineers for conservative results. The weir formula will be ex-
pl.ained in a subsequent paragraph on effects of dams. The submerged 
orifice fonnula is: 
Q "" CA V 2 G (H + ~) where 
g is the discharge 
Q is the discharge coefficient 
! is the area or waterway opening of the ori:fice 
H is the di:fference in water surface upstream and downstream 
from the bridge 
V is the velocity of' approach 
G is the acceleration o:f gravity • 
The backwater effect under this condition is determined by a 
trial and error solution of the orifice and weir formula. Values of 
the upstream water surface are assumed until the combined discharge 
from the two fonnulas equals the discharge in the stream. 
!J.• Effect of expansion and contraction of channels: When the 
upstream cross-section has a larger area than the downstream cross-
section (a change from potential energy to kinetic energy), the head 
loss through this reach is general.zy increased, based on empirical 
findings, by ten percent of the change in velocity head for a velo-
city head change of one foot or more (21). 
When the upstream cross-section has a smaller area than the 
downstream cross-section (a change from kinetic to potential energy), 
the head loss through this reach is generally increased, again based 
on empirical findings 1 by twenty percent of the change in vel.oci ty 
head for a velocity head change of one-half foot or more (21). 
5.
1 
Effect of dams: Dams and weirs encountered in computations 
for stream encroachment lines are analyzed using the general weir 
formula: 
where 
g is the design discharge 
C is a discharge coefficient depending upon the shape of 
- the spillway section 
~ is the l.ength of the spillway section 
V2 is the velocity of approach 
G is the accel.eration due to gravity 
! ··~~ 
-...-:.~ 
This discharge coefficient "C" varies from about 4.0 for an ogee 
type of spillw~ to about 2.7 for a broad-crested spillway. 
6. Overbank .flow: The method of analysis for overbank flow is 
similar to that for the main channel flow. Since the conveyance for 
both overbank and channel flow are functions of the same water surface 
elevation, Manning's Formula for the combdned overbank and channel flow 
is as given below. The subscript £ is for overbank and £ for the 
main channel. 
Qc= [i6 J sl/2 and Qo = c~~J s1/2 
In order to obtain an average velocity head for overbank and channel, 
the two flows are weighted according to the square of their velocities, 
or 
= gcv2c + QoVo2 
(Qc + Qo) 2G 
This average velocity head can then be used for solving Bernoulli's 
equation. 
7. Surveys: In order to compute an accurate water surface 
profile, sufficient survey information is necessar.y. This information 
should consist of cross-sections of the channel taken normal to the 
centerline of .now at frequent intervals, a profile of channel, and a 
traverse of the stream. 
Reach lengths an4 frequency of cross-sections are determined 
from the variation in slope, shape of the cross-section and roughness 
of the channel. Field surveys of the channel cross-section are taken 
at: 
1. Points where the shape and cross-sectional area changes. 
2. Points where there is a change in roughness of the channel:. · 
3. Points where there is a marked change in the slope of the 
channel. 
4 . Points of all arti.t:loia:L controls~ bridges and con-
strictions. 
5. Uniform intervals where the slope and cross-section are 
relatively uniform. The distance between cross-sections 
is determined .by the steepness of the slope. 
Procedure for solving Bernoulli's and Manning's Formula: The 
procedure for computing backwater profiles through Bernoulli's and 
Marming' s Formula is by trial application and is given below: 
1. The elevation of the water surface at the starting point 
of the backwater computation is determined. 
2. The elevation of the water surface at the next cross-
section is assumed. 
3 . The friction slope at the two cross-sections is computed 
from the Manning Formula. 
4. The average friction slope is used to compute the friction 
loss between the two sections. 
5. The head loss and change in velocity heads at the two 
sections are used to compute the water surface elevation. 
This elevation is compared with the assumed trial water 
surfac~ elevation. If they agree, the computations pro-
ceed to the next reach and cross-section. If they do not 
agree, another water surface elevation is assumed and the 
computation repeated. 
Water surface profile ani encroachment lines: Computed water 
surface elevations are plotted against their respective distances 
from the starting point. These elevations are connected with straight 
lines to .form a water sur face profile. Also shown with this water 
surface profile would be a bottom profile of the channel, locations of 
bridges and channel obstructions such as dams, weirs and buildings over 
the stream. 
Having discussed the standard step method for deter.mining 
tAt t.• 
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water surface profiles, the next consideration is the actual establish-
ment then of the stream encroachment lines on the ground. These 
stream encroachment lines being the lateral extent of stream flow are 
set as a preventive method of flood control by preserving the flow area 
of the stream channel :from encroachment by house, building, bridge, or 
other structure. By preventing the encroac.hment upon the stream, the 
stream channel. w.i.l.l at least maintain its present capacity for 
passing the design flood :flow, thereby preventing much of the damage 
that would be caused by future floods. 
The lateral extent of stream flow at each cross-section taken 
of the channel as determined by the standard step method are then 
amnected with straight lines on a preliminary map, thus forming the 
encroachment lines with the one addition, that when the flooded area 
from the design flood falls within the river channel, encroachment 
lines should be set at the top of bank line. 
V. ILWSTRATION OF STREAM ENCROACHMENT LINE DEI'ERMINATION 00 GASCONADE 
RIVER AT JEROME, MISSOURI 
Following the same procedure as was used for design flood 
determination, the 1200 :foot reach of the Gasconade River at Jerome, 
Missouri selected for study in this investigation will now be uti-
lized to illustrate the standard step method for determining water 
surface profiles and e stabl.i.shment of stream encroachment lines. In 
preparation for the hydraulic calculations necessar.y to determine the 
location of these stream encroachment lines, the following field 
surveys were made: 
1. A traverse was made of river channel under investigation 
using transit stadia method. See Figure 8 for the plotted plan view 
of this area. 
2. Three channel cross-sections were taken normal to the 
centerline of flow. The first section was taken at the USGS gaging 
station at Jerome, Missouri, and the second and third sections were 
taken at 60o and l,a:>O feet respectively upstream. In addition, a 
channel bottom profile was made. Transit stadia was used for land 
areas of eros s-secti ons away from the river 1 and a tag-line and 
sounding rod were used with boat for river channel measurements . 
Al1 control for survey data, based on mean sea level, was 
established from the u.s .G.S. stream gage at site whose accuracy was 
rechecked to nearest hundreth of a foot in 1958 by engineers from the 
U. S. Geological Survey. Figure 9 shows cross-sections at the three 
selected control points ani the channel profile for entire reach at 
site. Figure 10 is a photograph taken during measurement of channel 
at section 3 and Figure ll obtaining correlation of stage height 
during channel soundings to mean sea level from staff gage at u.s.G.S. 
gaging station. 
Based upon the shape of resultant cross-sections made normal 
to channel flow, the entire cross-section was divided into three 
areas for hydraulic calculations. Although the exact location varied 
with each cross-section, in general the areas were divided into a 
small portion for the west overbank flow, the main channel, and the 
large east overbank area where major portion of river fiood plain was 
located. The ''n" factor selected for these areas was determined by 
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FIGURE 8: PLAN VIEW OF GASCONADE RIVER AT JERO~E, MISSOURI SHOWING FINAL 
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the author after review of area with hydraulic engineers of the U. s. 
Geological Survey. 
In this connection, Figure 4 shows the general appearance of 
the east overbank area where an ''n" factor of .030 was selected for 
this very .flat smooth flood plain. Figure 12 shows the general 
appearance of the r.i. ver channel. An ''n" factor of .035 was selected 
as the very large width of the gravel bottomed channel compensated 
:for inclusion of some bank growth in the overall channel area. F:lgure 
13 shows the rough flood plain with heavy growth which is typical of 
the west overbank area and which was assigned an "n" value of .080 in 
the hydraulic computations. 
Starting from the gaging station at section 1 (Station 0 + 00) 
where a definite gage height discharge relationship had been estab-
lished by the U.S.G.S. through their automatic recorder gage and 
correlated velocity area field measurements of discharge (the methods 
of field measuring open channel .flow and establishing gage height dis-
charge relations are described in standard hydraulics textbooks, in 
U.S.G.S. Water Supply Paper 888, "Stream Gaging Procedurett, and in 
circulars and pamphlets published by the U. S. Geological Survey), 
the hydraulic calculations were carried upstream in accordance with 
the standard step method for establishing backwater curves. 
The design .tl.ood, previously established at 1.34,000 cfs, would 
occur past the U.S.G.S. gaging station at Jerome, Missouri, at a gage 
height of 29.80' according to the present stage-discharge rating curve 
established by that government agency. The present zero reading of 
this gaging station is 657.64 feet above mean sea level, which when 
FIGURE 12= VIEW OF GASCONADE RIVER AT JEROME~ MISSOURI 
(STAGE HEIGHT APPROXIMATELY 3 FEET) 
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FIGURE 13: WEST OVER BANK FLOW AREA ON GASCONADE 
. 
RIVER AT JEROME, MISSOURI 
applied to the design flood would yield a water surface elevation of 
687.44 feet (IV.JSL) across section 1 for the initial hydraulic 
calculations. 
Listed in Table 2 are the hydraulic calculations based on the 
standard step method for the computation of backwater curves which has 
been utilized to obtain the water surface elevation for the three 
cross-sections taken on the Gasconade River at Jerome, Missouri. By 
connecting these water surface elevations with straight lines between 
sections in an elevation vi~ the water surface profile for design 
.flood is obtained as shown in Figure 9. By connecting with approxi-
rna.tely straight lines from section . to section on a plain view the 
extremities of the station cross sections as determined from the com-
puted water surface elevation, the stream encroachment lines for the 
design flood are obtained as shown in figure 8. 
VI. ~1EI'HODS FCR SECURING A SENSIBLE ADJUST.HENT OF LAND USE TO THE 
FLOOD PERIL 
The final step in a complete flood plain zoning program, after 
having established the magnitude and frequency of the design fiood, 
and having performed the necessary field surveys and hydraulic back-
water computations to .fix the actual encroachment lines on the ground, 
is establishing and enforcing a policy which secures a sensible ad-
justment of land use to the flood peril. 
It has already been pointed out in the review of literature 
section of this investigation that much discussion has been devoted to 
flood plain zoning by federal, state and local authorities concerned 
with the f1ood control program. However, outside of Connecticut's 
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-TABLE II 
BACKWATER COMPUTATIONS FOR 1200 FOOT REACH OF GASCONADE RIVER AT JEROME, MISSOURI 
(DESIGN FLOOD= 134,000 C.F.S. WITH 50 YEAR R.I.) 
REACH AREA HYDRAULIC ROUGHNESS CONVEYA~ s;~t)2 AVERAGE FRICTION DISCHARGE VELOCITY v2a VELOCIT{ HEAD TOTAL ENERGY COMPUTED STATION LENGTH (A) RADIUS COEFFICENT K=A 1.486 5SLf.:J HEAD LOSS a= K s~ V= * V2AVG H _...:/£ Hv -Hv HEAD GRADIENT W. S. EL. (L) (R) (n) n Ht=SAVG. L v- 2G I 2 
(SECTION I 
0+00 - 66()(WestQB.) 6.28 0.080 42,000 660 1.00 650 
IOJSOChannel 26.02 0.035 3,880,000 60,200 5.93 2,120,000 
14,~tQB 16.08 0.030 4,720POO 73,140 4.90 1,760,000 
-- --
8,642,000 0.00240 134,000 3,880,6&) 29 0.45 687.89 687.44 
600 0.00277 1.66 -0.09 1.57 
(SECTION2 
6+00 - 230(WestO.B.) 4.43 0.080 11,600 200 0.90 167 
9750(Chonnell 24.38 0.035 3,680,000 65,300 6.70 ~0,000 
13,600(EostO.B. 13.78 0.030 3,870,000 68,500 5.04 1,740,000 
--
7,561,600 0.00314 134,000 4,68Q,167 35 0.54 689.55 689.01 
600 0.00210 1.26 0.21 1.47 
(SECTION~ 
12+00 310(Westo. B 5.74 0.080 18,500 265 0.86 196 
I0,600(Chonne 24.36 0.035 3,800,000 54,400 5.14 1~40poo 
8,700£ostO.B 14.71 0.030 5,550,000 79,335 4.24 1,430,000 
9,368,500 0.00205 134,000 2,870,196 21.4 0.33 690.81 690.48 
recent 150 river mile flood plain zoning program which was motivated 
by the tremendous losses suffered from their 1955 flood (the 1955 flood 
in Connecticut produced the largest discharges and resultant stage 
hei~ts in 320 years of observed flood history in that state)~ nothing 
of consequence has been done in this country in the field of flood 
plain zoning. 
It would seem a paradox that~ as in the case of the fanner who 
closed the barn door after the cow was out~ flood plain zoning should 
be established after the flood waters have taken their toll. 
Furthermore~ as has previously been pointed out~ it must be 
clearly understood that the flood plain is a part of the river channel 
during high waters; the flood plain was built not by the extraordinary 
high waters such as the Connecticut flood of 1955 ~ but by the overbank 
flow which can be expected to occur at least once ann~ 10 to 30 
percent of the time in any one hundred year period. If man continues 
to build on the flood plain without adjusting to the flood peril~ the 
magnitude of the resultant fiood damage must inevitably be large, and 
will .furthermore continue to grow even larger as we expand. 
Why then is there not a large scale flood plain zoning program 
in operation today in the United States? 
It is the considered opinion of this author, based upon 
several years of research, that the three fundamental causes of fail-
ure to establish a flood plain zoning program are: first, a wide-
spread lack of knowledge of the role of the river flood plain; 
secondly 1 too much emphasis on "police power" legislation to enforce 
zoning~ and not enough use of "economic gravi. ty" by restricting loans 
!-56 
through keeping financial institutions informed o:f the .flood hazards· 
' 
and :finally the lack of a uniformly operated centralized control. 
The point o:f how poorly in:formed the average person is of the 
:flood plains role, and of how unaware most lending institutions are of 
flood peril was brought forceab~ home to this author during his 
investigation of the 1,200 foot reach of the Gasconade River at 
Jerome, Missouri. In the process of _ checking the validity of the nnn 
factors used in the calculation,, several high water marks giving 
recorded stage heights were utilized with the Manning Formula against 
known discharge values. Two of these high water marks (one of 
21.26' on 19 July 1958, and one of 23.06t on 16 May 1933) were found 
on the west abutment of the railroad bridge 3, 500 feet upstream .from 
the U.S.G.S. gaging station on the Gasconade River at Jerome, 
Missouri. Figure 14 is a photograph of this bridge 1 and the 21. 26' 
high water mark has been painted and is visible. The author is 
holding a stick, the end of which is at the 50 year design flood 
computed elevation of approximately 29.80' at this location. Under 
this railroad bridge can be seen, 300' upstream, the steel high~ 
bridge which also crosses the Gasconade River. The reader is also 
referred to the map of this area in Figure 2 for further familiari-
zation. Figure 15 is a photograph taken from west abutment of this 
state highway bridge at Jerome, Missouri showing the Gasconade River 
(through trees on left side of photograph) and the flood plain on 
west bank. The six or seven dwellings recently constructed on the 
flood plain are of the $81 000-10,000 price category and if the 54 
"river .front" lots are so1d soon, as would appear to be the case in 
this new six month old subdivision, than there should shortly be a 
FIGURE 14 : LOCATION OF DESIGN FLOOD (134,0 0 0 C. F. S., R. I. 5 0 
YEARS) ON RAILROAD BRI DGE 0 .5 MILES U PS T EAM 
FROM U . S . G. S. GAGING STATION ON GASCO A DE 
RIVER AT JEROME, M ISSOURI 
5 
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FIGURE 15: "WHEN WILL THESE DWELLINGS FLOAT DOWN THE RIVER?" 
sizable economic investment placed here . It is interesting to note 
that the "high water" of 19 July 1958 came 1' below the flood plain 
elevation; the flood of 16 May 1933 covered entire flood plain with 
l' of water; the recorded flood of 15 April 1945 (G. H. 27 . 70) placed 
flood plain 5' under water; and that the 50 year design flood for 
this area would place this same flood plain approximately 7' under 
water (the maximum floor level of none of the presently constructed 
dwellings are over 3' above flood plain elevation). 
This flood periled housing construction on the banks of the 
Gasconade River at Jerome , Missouri clearly highlights the fundamental 
lack of understanding of the .flood plain's role, and the obvious 
ignorance by some lending agency or agencies of the risk involved. 
As is so often the case where a disjointed control situation exists 
the "le.ft hand does not know what the right hand is doing". In 
addition, what is really appalling, is that this situation at Jerome, 
l'1:i..ssouri has been and is being duplicated inadvertantly in many areas 
of the United States as the ~remendous building expansion rate of this 
last decade continues. 
When it is considered that the over ten billion dollars 
allocated to federal protective flood control measures in the last 
sixteen years would not normally include these new buildings within 
the designed zones of influence of their dams, levees, flood walls and 
channel dredging operations, since we have no active zoning program, 
it is obvious that our future flood control measures with resultant 
continued high costs can only multip~. 
It is clear that positive steps must be taken now to protect 
this tremendous multibillion dollar federal investment in flood con-
trol by guiding fUture expansion into areas where flood protection 
present~ exists. 
The need for some for.m of flood plain zoning in conjunction 
\dth our protective flood measures is so obvious that one might wonder 
why it was not already an accomplished fact. The major obstacle 
appears to lie in the unfortunate fact that whereas, on one hand, to 
establish suitably engineered strearn encroachment lines on the ground 
with a minimun of expense a central uniformly operating federal 
agency such as the Corps of Engineers, U. s. Army is needed; on the 
other hand., the federal application of the "police power" type of 
zoning law normally recommended for enforcing zoning limits would 
establish a centralized control of state lands, a policy that in turn 
would unquestionably lead to legal., political, and economic reper-
cussions and disputes between the states and the duly appointed 
Federal Agency. 
The crux of the problem of flood plain zoning appears to 
center on the state-federal jurisdictional aspects of the matter. 
Unfortunately, the case for flood plain zoning has, until now, never 
moved past this barrier. 
It is the considered judgrr1ent of this author that the present 
impasse can be broken, and that the vital immediate need for flood 
plain zoning can be effectively secured through the establishment for 
flood control purposes o£ the same type of federal-state relation-
ship that exists for our present interstate highway program. Just as 
the Federal. Bureau of Roads present~ establishes the criteria for 
our interstate hi~ construction~ reviews the State Higb.lrq Depart-
ment's implementing plans for correctness~ tunds for these state 
agencies on a 90-l.O% basis, and then the states subsequently perform 
a11 the physical. work with~ their boundaries, it would appear that a 
simi 1 ar succesaful.:cy operating program coul.d be established between 
the u. s. ~ Corps of Engineers and the individual. State Water 
Resources Agencies. 
The specific respon~bilities to be _ assigned the Arrq Corps ot 
Engineer~ in this Federa1-state team arrangement would be: 
l.. Establish standard procedures tor the sound engineering 
application ot flood plain zoning. 
2. Desi mi nate this criteria to state water resource commissions 
or other similar agencies as determined by individual state • 
.3. · Review and approve state fiood plain zoning impl.ementation 
plans. 
4. Authorize expendi tlires of federal. tunds ( 90% ot total cost) 
to states lfhen matched by state f'unda (1.0% ot total cost). 
-- -
5. Keep the Federal. Housing Admi niatration informed ot flood 
, periled sonea in each state~ so that FHA can en.torce a 
government policy of no loans in these areas. 
The specific responsibilities to be assigned the individual. 
state water resources coomission (or any other state c aumisaion or 
- . 
agency wich the state detennines to delegate this responsibility to) 
would be: 
1.. In accordance with federal standard procedure criteria~ 
establish a statewide f'lood plain zoning . program. 
2. Subnit state fiood plain zoning program to U. s. Arrq 
Corps ot Engineers for approval. together with .tund 
obligation to cover 1.0% of total. cost. 
3. Upon receipt of federal approval and funding, execute 
flood plain zoning program using state personnel or through 
contracts 'With private consultant engineering firms. 
4. Keep all state lending agencies advised of location of 
flood periled areas. 
5. :Exercise ''police power" deemed appropriate by state to 
enforce zoning regulations. 
6. Maintain procedure for modification of zoning areas when 




It is felt that this investigation has accomplished the 
following: 
1 . It has provided a condensed review of what has been done 
thus far in the United States toward making flood plain zoning an 
integral. part of our flood control program. This review indicates 
that although it appears that all governmental, state and local 
flood control authorities are in unison in declaring the need for a 
sensible adjustment of land use to the flood peril, nothing ver.y nmch 
has actually been done to date other than a 150 river mile .flood 
plain zoning program in Connecticut commenced in 1958. 
2. It has been demonstrated that unless the natural course 
of a river has been physically altered through protective works , that 
the flood plain is in reality a part of the natural river channel 
during moderate .flood stage. Since this .flood plain was created by 
average floods and not by the truly extraordinary floods 1 the fre-
quency o.f .flooding of the flood plain is on the order once every one 
to three years for most areas . Consequently, barring protective 
works, if man encroaches on the river flood plain than flood damage 
is inevitable. 
3. In the deter;:nin.ation of the magnitude and frequency of 
design floods for flood plain zoning programs in the United States a 
uniform recurrence interval of 50 years has been recommended. This 
design period was selected because it will invariably provide a 
discharge quantity of sufficient magnitude to inundate the river flood 
plain which has ?een~ as mentioned above, constructed by floods of 
much lower magnitnlde; and in addition~ the 50 year magnitude can be 
established with sufficient accuracy from existing records for most 
regions of the United States. The regional flood frequency data 
recently published for each state by the u. s. Geological Survey was 
reco~nended as the best source for establishing the magnitude of the 
flood plain zoning design flood. 
For the translation of the design .flood to backwater curves~ 
resultant water surface profiles and establishment of actual en-
croachment lines on the ground, it has demonstrated the standard step 
method based on the Bernoulli Theorem and using the Manning Formula 
for the determination of the friction head loss and other appropriate 
formula for head losses due to bends, bridge piers, expansions and 
contraction of channel, dams, weirs~ and overbank flow. 
4. It has been recommended that a Federal-State control 
similar to the present Bureau of Public Roads-State Highw~ Depart-
Ire nt relationship for the Interstate Highway Program, be established 
between the Army Corps of Engineers and a suitable state agency such 
as the state water resources commission to jointly work out a flood 
plain zoning program. In general, the Army Corps of Engineers should 
provide the criteria and 90% of the funds for a uniformly well 
engineered zoning program; which, in turn, after obtaining .federal 
approval of its implementing progran1 would be actively administered 
by each separate state through its own personnel, or through contracts 
with consulting engineering firms. Strong emphasis would be placed at 
the federal level, through the F .H .A. policy, and at the state level 
through active soliciting of private lending agencies, to restrict 
loans in f2ood periled areas. In addition, the states would apply 
such police powers as deemed appropriate by them to enforce their 
zoning regulation. 
As is often the case at the conclusion of an investigation 
into a particular problem, other fields of research present them-
selves 'Which when completely examined will unquestionably aid in 
providing the best overall solution. v/ith this point in mind, this 
author's final conclusions include the recorrmendation that additional 
research be made in the following aspects of flood plain zoning: 
1. The $5000 per river mile cost for the fiood plain zoning 
program in Connecticut appears, at first glance, to be excessive. A 
considerable amount of this cost consisted in field surveying. It 
would appear that a fruitful investigation into the cost relationship 
and degree of accuracy obtained through alternate use of aerial photo-
graphs could be made. Although channels very often have bank growth 
that would create seasonal problems, this could possibly be compen-
sated for by taking photos in winter months. In addition, as is 
often do~e, field survey parties who of .course would have to perform 
channel sounding could be contacted by radio to investigate critical 
control points when multiplex operators experience difficulty with 
photos due to excessive foliage. Based upon the expected height of a 
50 year recurrence interval design flood, it would appear that the ± 
1/2' contour interval accuracy, which can be obtained through aerial 
photography, would be sufficient for the required hydraulic calculations. 
2. Another aspect ot this probl.em into which research shoul.d 
be made wu1d. be the staniardizing of tiel.d data., be it obtained trom 
. - -
aerial. photographs or trom transit stadia surveys., into a tormat 
suitable £or electronic computer programming tor bydraul.ic backwater 
curve computation. This al.so wou:Ld provide another means ot re-
ducing the cost or a zoning progr.am. 
3. The tina1. recommendation tor :tuture additional research 
would be essenti.~ an engineering economy study into the criteri.a 
tor determining the extent that ~ _ fl.ood plain zoning program shoul.d 
be applied in any particul.ar area. 
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FLOODS IN MISSOURI 
MAGNITUDE AND FREQUENCY 
By J. K. Searcy 
ABSTRACT 
This report presents data on floods that have oc-
cur red in the State of Missouri. Flood data are nee-
essary for the structural and economic design of 
structures built or enterprises conducted within flood 
plains. The flood data may best be used in the form of 
flood-frequency curves. Composite frequency curves 
were plotted that express the relation of mean annual 
floods to floods having recurrence inter,;,als from 1. 1 
to 50 years. Other curves define the mean annual 
floods for separate portions of the State. By combining 
results from these two types of curves, a flood-fre-
quency relation may be obtained for a site anywhere in 
the State, within the range of drainage area delimited 
by the data. The curves shown in this report were 
formulated by using records from all gaging stations 
in the region with 5 or more years of record. 
INTRODUCTION 
The proper design of darns, bridges, culverts, lev-
ees, highways, waterworks, sewage disposal plants, 
and all structures located on the flood plains of streams 
requires consideration of the flood hazard. The magni-
tude of floods at the site of the proposed structure be-
comes a major factor in the design of the structure or 
in flood protection that must be afforded the structure. 
The purpose of this report is to describe methods in 
detailed steps by which the frequency and magnitude of 
floods at any site in Missouri may be determined. 
This report was prepared in cooperation with the 
State Highway Department of Missouri. The author 
was assisted in the computation and preparation of data 
by W. L. Doll, M. S. Petersen, and E. H. Sandhaus. 
Assistance and advice on the solution of the various 
problems were furnished by Tate Dalrymple and M. A. 
Benson. 
The streamflow records used, unless otherwise 
noted, were collected by the U. S. Geological Survey 
in cooperation with the Missouri Geological Survey, the 
Corps of Engineers, and many other agencies and in-
dividuals who are given credit with the published data; 
streamflow records are published annually in the water-
supply papers of the U. S. Geological Survey and have 
been compiled and published through 1949 by the Mis-
souri Geological Survey and Water Resources. 
FLOOD-FREQUENCY DESIGN DATA 
A knowledge of flood frequency will be especially 
helpful in the design of bridge openings, channel capac-
ities, roadbed levels, levees, and other structure where 
cost must be balanced against flood damage or liabilities 
arising from failure and interruption of services. Drain-
age structures are seldom capable of passing the max-
imum flood that may occur. It is rarely economically 
sound to provide for such unusual occurrences. Where 
economy alone governs design of a structure a choice 
exists in the magnitude of flood for which the structure 
is designed. The economical design balances cost of 
flood protection with flood damage. The selection of 
the flood to be considered in planning a structure, the 
"design flood, " is usually determined on the basis of 
some definite frequency of recurrence. 
The Design Flood 
Determining the recurrence interval of the design 
flood involves many considerations other than hydro-
logic factors that are beyond the scope of this report. 
However, once the recurrence interval of the design 
flood is decided on, its magnitude may be determined 
by the following procedure: 
1. --Determine the drainage area of the stream 
above the site of the proposed structure. 
2.- -From figure 1 obtain the number of the hydro-
logic area in which the site is located. 
3. --Determine the mean annual flood for the site 
from figures 2, 3, or 4. 
4. --From figure 5 identify the flood -frequency 
region in which the site is located. 
5.- -From figure 6 determine the ratio to mean 
annual flood for the selected recurrence interval. 
6. --Multiply the ratio to mean annual flood (step 5) 
by the mean annual flood (step 3) to obtain the design-
flood magnitude. 
Caution must be exercised in predicting future 
events on the main sterns of the Black, Osage, and 
St. Francis Rivers below the reservoirs on these 
streams. The data given herein are based on unregu-
lated conditions. 
Flood-Frequency Curve at the Site 
A complete annual flood-frequency curve for the 
site of the proposed structure may be obtained by 
repeating steps 5 and 6 for various recurrence inter-
vals. The frequency curve obtained in this manner is 
a better indication of the frequency of future floods at 
the site than a curve derived from streamflow records 
at the site alone. Flood data within a region have been 
combined in the regio~al flood -frequency curve and 
nontypical occurrences over a limited area are given 
little weight in defining the curve. The resulting 
composite curve does not always accurately define 
past history at a particular site but it furnishes a more 
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Figure 2. --Variation of mean annual flood with drainage area in hydrologic areas 1 -!>. 
reliable guide of future expectations than a frequency 
curve based on the streamflow record at the site. 
The annual-flood curve so obtained may be trans-
formed into a partial-duration curve (see p. 11 ) by 
the fo1lowing relationship calculated by Langbein (1949): 
Recurrence Intervals, in years 
Annual flood Partial-duration series 
1. 10 o. 41 
1.25 .62 
1. 50 . 91 
1. 75 1. 18 
2.00 1. 45 







Maximum Floods of Record 
Many formulas have been derived and methods 
originated for computing a "maximum" flood to be 
expected at a given site. Various flood-estimating 
methods are discussed in Water-Supply Paper 771 
(Jarvis and others, 1936, p. 28-67) which contains an 
extensive bibliography relating to flood flow, intense 
rainfall, and flood frequency. More recent references 
are listed in the bibliography in this report. 
One means of determining the "maximum" flood is 
the limiting-flood method described ·in the publication 
of the National Resources Committee (1938, p. 31). 
This method makes use of the maximum known floods 
at various stream -gaging stations without regard to 
frequency of the floods. When the region over which 
floods are compared is so large that it includes areas 
of dissimilar hydrologic characteristics the enveloping 
curve represents only the areas producing the greatest 
floods and may be grossly in error for other areas. 
Figures 7-10 show how maximum known floods in 
each combination of hydrologic area (see fig. 1) and 
flood -fre~uency region (see fig. 5) compare with the 
corresponding flood of 50-year recurrence interval. 
These plots provide a rough means of judging the 
possible frequencies of the maximum flood. The points 
plotted in figures 7-10 in addition to the gaging stations 
records ( p. 23) include miscellaneous flood measure-
ments at sites other than gaging stations, and measure-
ments of unusual floods at short-term gaging stations. 
The Mississippi River 
The flow of a stream at any point represents a com-
bination of all factors that affect the rainfall-runoff 
relationship, modified by storage and other effects of 
the stream channel throughout its length. Large 
streams such as the Mississippi River do not belong 
to the same hydrologic areas and flood-frequency 
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Figure 3 . . -- Variation of mean annual flood with drainage area in hydrologic areas 6-8. 
regions represented by the many tributaries. This 
necessitates separate treatment. 
Figure 11 shows the variation of mean annual flood 
with river distance in miles abovethe Ohio River 
(Cairo). The variation in mean annual flood at the 
mouth of the Illinois and Des Moines Rivers was 
arbitrarily proportioned on basis of their respective 
drainage -areas. Similar variations for the smaller 
tributaries are not warranted owing to the uncertainty 
of the drainage -area· ratio assumption . Smaller 
tributaries usually reach a crest well before that of 
the main river and make a relatively small contribution 
to the crest discharge of the main stream. It will be 
noted that the mean annual flood decreases between 
Chester and Thebes although the drainage area is 
increased. 
Figure 12 is a curve defining the relationship of 
peak discharges (expressed in terms of ratio to the 
mean annual flood) to frequency of occurrence. It 
applies to the main stem of the Mississippi River 
between Thebes, Ill., and Keokuk, Iowa. 
The design flood for a site along the main stem of 
the Mississippi River is determined as follows: 
1. Determine the river mile of the site from a 
Corps of Engineers navigation map, by measuring 
from a gage or tributary, or through other means. 
2. Obtain the mean annual flood at the site from 
figure 11. 
FLOOD-FREQUENCY ANALYSIS 5 
3. Determine the ratio to the mean annual flood for 
the selected frequency from figure 12. 
4. Multiply the values from steps 2 and 3 to obtain 
the design flood. 
The Missouri River 
The discussion in the preceding section is applicable 
to the Missouri River main stem except that the variation 
in mean annual floodE;~ between main-stem gaging stations 
was distributed among the major tributaries in proportion 
to their mean annual floods (see fig. 13). A curve sim-
ilar to that in figure 13, but based on drainage area, is 
found on page 227 of Water-Supply Paper 1139, Kansas-
Missouri Floods of July 1951. 
Figure 14 is a curve defining the relation of peak 
discharges (expressed in terms of ratlo to the mean 
annual flood) to frequency of occurrence. The curve of 
figure 14 applies to the main stem of the Missouri River . 
below Omaha, Nebr., and is the same curve as given 
on page 228 of Water-Supply Paper 1139 although the 
period of record and number of records used in de-
riving the two curves differ slightly. 
The design flood for a site along the main stem of 












1. Determine the river mile of the site from a 
Corps of Engineers Navigation map, river mileage 
table, by measuring from a gage or tributary, or 
through other means. 
2. Obtain the mean annual flood at the site from 
figure 13. 
3. Determine the ratio to the mean annual flood 
for the selected frequency from figure 14. 
4. Multiply the values from steps 2 and 3 to obtain 
the design flood. 
FLOOD-FREQUENCY ANALYSIS 
The subject of flood frequencies has attracted many 
investigators and much literature on the subject is 
available. Unfortunately, the viewpoints and theories 
expressed have not always been consistent; nor is 
there uniformity of opinion today as to which is the 
best method. The method used in this report reflects 
the latest developments of a continuing study of the 
subject by engineers of the Water Resources Division, 
U. S. Geological Survey. There will undoubtedly be 
revisions in methods used herein as additional data 
become available. Certainly there will be changes in 
boundaries of the hydrologic areas and flood -frequency 
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Figure 4. --Variation of mean annual flood with drainage area on the m.ain stem's of the Black, Bourbeuse, Fox, 
Gasconade, Osage, and Weldon R1vers. 
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Figure 5. --Location of flood-frequency regions. 
A brief description of the State will aid the study 
of flood characteristics. 
Description of the Area 
Missouri has a total area of 69. 420 square miles 
and a mean altitude of 800 feet above mean sea level. 
The State is centrally located geographically and two 
of the major rivers of the country unite at St. Louis 
forming the lower half of the State's eastern boundary. 
The drainage area of the Mississippi River at Eads 
a ridge in St. Louis is more than 23 percent of the 
total area of continental United States. 
Topography 
Missouri has three disti.nct topographic divisions, 
shown on figure 15--inthenorthand west, a prairie; in 
the extreme southeast, a lowland; and between them, 
the Ozark Plateau. 
The prairies.- -The prairie section embraces 
nearly half of Missouri, including almost all of the area 
north of the Missouri River(shown as the Till Plains) 
and an appreciable part south of the river in the western 
part of the State (shown as the Cherokee Plains). The 
FLOOD - FREQUENCY ANALY SI S 7 
plains north of the Missouri River were covered by 
two major glaciers and a third glacier entered 
Missouri from Illinois affecting only eastern St. 
Charles and St. Louis counties. The glac i ers left a 
characteristic drainage pattern with narrow tr ibutary 
drainage basins paralleling the long, narrow main-
stem drainage basins until near their confluence. 
Altitude :ranges from nearly 1, 200 feet above mean 
sea level ir1 the extreme northwest and about 600 feet 
in the no:rtneast, to about 900 feet along the souther:-1 
border. 
The Cherokee Plains in western Missouri is part 
of the Great Plains region. Many streams of this 
region have their origin in Kansas. The altitude of 
the Cherokee Plains in Missouri ranges from about 
800 to 1, 000 feet above mean sea level. 
Ozark plateau. --The Ozark Plateau, with altitude 
ranging from 1, 000 feet to slightly more than 1, 600 
feet above mean sea. level, includes about half of the 
State. The Plateau is thoroughly dissected in the 
southern pa:r:-t of the State, resulting in sharp ridges 
separating deeply embedded streams. Streams pass 
through deeP, narrow valleys which at places contract 
into even narrower gorges known locally as "shut -ins". 
Many large springs are found in this area, and their 
recharge areas often serve to absorb storm rainfall 
· and reduce flood discharges. This is particularly 
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Rivers with wide headwater drainage basins and 
narrow downstream basins are common. Such drainage 
basin shapes at times result in flood crests that de-
crease in magnitude proceeding downstream in the 
narrow portion of the basin. 
The Salem and Springfield Plateaus, subdivisions of 
the Ozark Plateau, are relatively level except in the 
immediate vicinity of the streams. 
The St. Francois Mountains are a distinct area of 
rounded granite and porphyry ridges and knobs. The 
highest point in the State, Taum Sauk Mountain, altitude 
1, 772 feet, is in this area. 
Southeast lowlands. --The southeast lowlands is a 
flat region of about 3, 000 square miles located in the 
extreme southeastern corner of the State. Altitude 
ranges from 230 to 300 feet above mean sea level over 
most of the area. Crowleys Ridge, about 500 feet above 
mean sea level, lies diagonally across the area. The 
region was once largely s wampland but drainage has 
converted the area into excellent farmland. 
Climate 
Missouri's climate is essentially the continental type. 
Annual precipitation ranges from slightly over 50 inches 
in the southeast lowlands to 32 inches in the extreme 
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Use curve A for main stem of 
Osage River in Missouri 
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FigUre 6. --Frequency of annual floods, regions A-C, period 1921-52, and region E, period 1926-52. 
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Figure· 8.- -Relation of maximum to 50-year fiood in region~. 
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Figure 9. --Relation of maximum to 50 -year flood in region C. 
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Figure 10. --Relation of maximum to 50-year flood in region D. 
northwest. On the average about 42 percent of the 
precipitation occurs during the period May to August 
inclusive. 
The State's total seasonal snowfall from year to 
year ranges from 5 to nearly 40 inches and averages 
about 18 inches. Snowfall seldom plays an important 
part in the occurrence of floods in Missouri. 
Summer rainfall frequently occurs as thundershowers 
which are occasionally severe. Occasionally more than 
10 inches of rainfall has be.en recorded in 24 consecutive 
hours. A total of 12 inches of rain feli in 42 minutes 
at Holt, Mo., on June 22, 1947. The Holt, Mo., storm 
ranks as the most severe 42-minute rainfall known. 
The highest recorded runoff per square mile in 
Missouri was 3, 060 cfs from an area of 0. 622 square 
mile, near Rolla, Mo., on June 9, 1950. Possibly 
higher runoff has gone unobserved. 
Analysis of Flood Data 
Gaging-station records 5 or more years in length 
are of value in flood-frequency analyses. The records 
of the 104 stream -gaging stations in Missouri were 
used. In addition to these (page 23 ), 3 gaging-station 
records in Arkansas, 5 in Iowa, 3 in Kansas, and 1 in 
Oklahoma were used to obtain proper coverage within 
the State and along its boundary. 
Flood Frequency at a Gaging Station 
Value. --The flood -frequency curve derived from 
records at a gaging-station site was once considered 
best for use in designing at or near the site. Now a 
frequency curve based on regional characteristics is 
believed to be superior to a frequency curve based 
only on the floods at a particular site. Exceptions 
would be a few isolated stations on large streams or 
stations on streams with characteristics radically 
different from those of adjacent streams. 
The issue may be clarified somewhat by assuming 
that the life expectancy is desired of a newly born 
individual belonging to a group of people, closely allied 
by race, relationship, and environment. The ages at 
death of a recent generation are available. The extremes 
of the group are a child who died on its second day and 
a man who died at 104 years of age. One would hardly 
consider basing the life expectancy of the infant on 
either the child who died on the second day or the man 
who lived for 104 years. However, the experience of 
both extremes srould be considered with the group 
experience in arriving at the infant's life expectancy. 
In addition, individuals with characteristics differing 
greatly from the group would be excluded from the 
computations. 
The flood history at a particular site is an accurate 
record of what has happened at the site. It could be a 
poor basis for predicting what will happen at the s ite 
if the past record is not typical. 
Flood -frequency curves for individual stations are 
necessary in deriving the regional curve, and their 
study is basic for an understanding of flood -frequency 
analysis. 
Types of flood series. --Flood series are of two 
types, the annual-flood series and the partial-duration 
series. The latter is often termed "floods above a 
base. " 
The annual-flood series consists of the highest 
momentary peak discharge in each water year of station 
record. This type of series is a complete duration 
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F igure 11. -- M iss issippi River. variation of mean annual flood w ith dis tan c e (miles) above the Ohio River. 
series and i s s usce pt ible t o mathema t ical analys i s by 
s Everal methods of which Gu mbel's (Gumbel 19 45) 
method is an example . The annual - flood series has 
t h e disadvantage that when several h igh floods occur 
in the same water year. some floods h igher than many 
ann ual floods are disregarded. 
The partial-durat ion series overcomes the objection· 
of not considering all high floods by listing all floods 
above a given discharge (termed the base). The base 
selec ted is such that in general 3 floods pe r year will 
exceed the base. Soine water years will have no floods 
above the base. Thus the partial-duration series is 
discontinuous and • s not susceptible to rigorous 
mathematical a nalys i s . Another disadvantage of the 
part ial-durat ion series is the dependence of some 
floods. One flood will at times set the stage for another , 
so that arbitrary rules must be set up for selecting peaks 
to be included. Peaks for partial-duration for many 
stat ions are publi shed in the annual water-supply 
papers. 
The two types g ive almost identical results for 
intervals greater than about 10 years. As most designs 
are fo r intervals greater than 10 years. there remains 
l i ttle pract i cal difference in choice between types. The 
simplicity of the annual-flood series makes its use 
att r active. The frequency curve for the annual-flood 
series may be converted to a partial-duration curve 
by the methods described on page 3 . 
Although the two types of curves give essentially 
the same results for larger recurrence intervals there 
remai ns the d i st inct ion that the annual series gives the 
interval w ith which a flood of a given magnitude will 
occur as an annual flood while the partial-duration 
series g ives the i nterval with which a flood will recur 
without regard to flood type. 
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Figure 12.--:Fr.equency of annual fl oods, Mississippi River main stem from Thebes, Ill., to Keokuk, 
I o wa, period 18 61-195 2. 
This distinction suggests different uses for the two 
series. For design floods with recurrence intervals 
greater than 10 years the annual-flood series may be 
used. The partial-duration series might be used for 
studies of damages involving low frequencies, for de-
termining how often a road will be inundated, for de-
sign of temporary cofferdams, and similar uses in-
volving quickly repaired structures. 
Plotting positions. --Floods are tabulated for either 
or both types of flood series by assigning an order 
number to each flood representing its relative rank, 
beginning with no. 1 for the highest flood. 
Plotting positions (recurrence intervals) for each flood 
a .r e computed by the formula (N + 1) /M, where N is 
the number of years of record and M is the order-
number beginning with the highest as 1. 
Only complete years of peak-flow record should be 
used, but historical flood data may be used to advan-
tage. The highest annual flood may be known for some 
years during which the record is not complete for use 
in the partial-duration series. 
Historical data. --Outstanding floods occurring 
prior to the beginning of records should be plotted in 
the same manner as floods of record, using for N the 
number of years during which the historical floods are 
known to be the greatest. The no. 1 flood during the 
period of record may be considered as the no. 2 flood 
for the longer historical period provided no flood be-
tween the no. 1 historical flood and beginning of record 
exceeded the no. 1 flood of record. Howeyer, the no . . 1 
historical flood may be lower than the no. 1 flood of 
record and become the no. 2 flood for the historical 
period. In such a case no. 1 flood of record would 
also be the no. 1 flood for the historical period. Several 
historical floods may be used when they are known to 
be higher than all other floods ' during the historical 
period. 
In order to take full advantage of historical floods 
research is necessary to avoid errors from omission 
of floods during the period between historical data and 
beginning of records. A long gage-height record at 
the gaging -station site is of great value in the study of 
historical floods. Care must be exercised in assigning 
discharge values to historical flood heights because of 
possible changes in condition of the stream near the 
gaging-station site. 
Fitting frequency graphs. --The choice of graduations 
on flood -frequency charts is of little importance. How-
ever , the chart based on the theory of e"xtreme values 
(Powell, 1943) has many advantages. Flood discharges 
plotted on this chart approximate a straight -line graph 
for many stations. Figure 6 is plotted on this type of 
chart. 
After the floods are plotted a curve must be fitted 
to the data. The short length of most streamflow 
records and inherent inaccuracies of small samples 
do not warrant the effort of analytical curve f itting. 
The curves used in this report were fitted by inspection, 
giving greatest weight to position of points along the 
lower and middle portions of the frequency curve . The 
computed recurrence intervals for the · greater floods 
rarely equal their actual recurrence interval. Thus 
little weight should be given the position of high points 
that lie far above the trend of the more accurately de-
fined lower and middle portions of the frequency curve. 
Regional Flood-Frequency Curves 
The major portion of the State's streamflow rec-
ords do not exceed 31 years in length. This does not 
satisfy the demand for estimates of long-term floods. 
EXtrapolation of individual frequency curves may be 
dangerous as the linear distance from 25 to 200 years 
seems very short on the frequency chart. The fitted 
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Figure 13.--Missouri River, variation of mean annual flood with distance (miles) above mouth. 
curve, although it may approach a straight line,con-
tains errors inherent in small-sample random obser-
vations. 
The use of a flood-frequency curve for a gaging-
station site is questionable even in the vicinity of the 
gaging station. The need for flood -frequency data at 
ungaged sites cannot be met with point data._ 
Frequency curves from gaging stations located on 
adjacent streams or at nearby sites on the same stream, 
may differ in slope when one station includes, by chance, 
extremely high or low peaks not included in the other 
station record. Frequency curves differing in slope, 
when extended to a 100 or 200-year frequency, give 
~ivergent results and no criteria exist for selecting 
the correct curve . 
The dis ad vantages of individual flood -frequency curves 
for gaging -station sites led to investigation of the feasi-
bility of combining flood data of individual sites and re-
lating the flood -frequency function to measurable char-
acteristics of drainage basins. In the first instance, 
the large sampling errors would be reduced and in the 
second, data would gain regional significance and 
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Figure 14.--Frequency of annual floods, Missouri River main stern below Omaha, Nebr.,period 1922-52. 
become applicable to ungaged areas. A flood-frequency 
graph based on the combined experience of a group of 
stations has firmer support than one drawn to fit data 
at a single station. 
Requirements for combining records. --Before flood-
frequency records at different sites may be combined, 
they must represent the same period of time and be 
taken from a region having essentially the same flood-
frequency characteristics. In order to establish re-
gional relationships, some index of the flood flow must 
be related to measurable characteristics of the drainage 
basin. 
Mean annual flood. --The mean of the annual flood 
peaks has been found descriptive of a drainage basin's 
flood characteristics and good index of the geographical 
variation of flood flow. The mean annual flood may be 
defined by a relatively short period of record, thus 
increasing the fund of data available for flood-frequency 
study. 
The graphical mean is more stable and reliable than 
the arithmetic mean for flood -frequency studies because 
a flood, of high frequency within a short period of record 
will unduly influence the arithmetic mean. The graphi-
cal mean of a station with more than 5 years of record 
is determined by plotting a flood -frequency curve for 
the gaging station. The graphical mean annual flood 
is taken as the intersection of the graphically fitted 
flood -frequency curve and the 2. 33 -year recurrence 
interval line, based on the theory of extreme values, 
(Gumbel, 1945). 
Computation of comparable means. --In order that 
the mean annual floods be comparable, the gaging-
station records must represent the natural streamflow 
for the same period. For this study, the period Oc-
tober 1, 1921, to September 30, 1952, was selected 
as the base period for the majority of records. When 
gaging -station records did not extend over the base 
period, annual peaks were correlated with those of a 
nearby station and the record extended to the base 
period with computed annual peaks. The computed 
figures were used only for the purpose of assigning 
order numbers to the actual peaks of record. Certain 
records, like those of the Osage River near Bagnell, 
were corrected for storage in the reservoir above the 
station before they coold be compared with the natural 
flow of other streams. 
Annual peaks for the base period were assigned order 
numbers, a flood-frequency curve was plotted for each 
gaging statiOn, and the graphical mean annual flood 
was determined. 
Test for homogeneity of records. --Before a group 
of station records are combined, a test of homogeneity 
is necessary to insure that all records are selected 
from a region with uniform flood-frequency charac-
teristics. The test involves determining whether 
differences in slopes of individual frequency curves 
are greater than might occur by chance in random 
sampling. 
The slope of the frequency curve is expressed by 
the ratio of the 10-year flood to the mean annual flood. 
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Figure 15.--Principal surface features of Missouri. 
Ratios are averaged to obtain the mean ratio of the 
region. Each mean annual flood is multiplied by the 
average 10-year ratio and the recurrence interval 
determined for this value from the station frequency 
curve. The recurrence interval thus obtained is 
plotted against the number of years of effective record 
on the test graph shown in figure 16. The number of 
years of effective record equals the number of years 
of actual record plus one -half the number of years of 
computed record. If the points for all stations are 
distributed normally between the two curves, the 
region is homogeneous . Points lying outside the 
curves indicate gaging stations belonging to other 
flood -frequency regions. 
Flood -frequency regions. --The flood -frequency 
regions (see fig. 5) are determined by plotting the 
10 -year ratios at the gaging -station locations on a map 
of the State. Tentative regional boundaries are drawn 
and the hom~geneity test described in the preceding 
paragraph is repeated until sufficient refinement in 
location of regional boundaries is achieved. 
The ratios for floods of each order number to the 
mean annual flood are tabulated for each station within 
the region. Computed values of annual floods are not 
used although they were used to obtain the correct order 
number of recorded floods when station records were 
extended to the base period. 
The median ratio for each order number is determined 
and plotted against the recurrence interval for that order 
number based on the length of the base period. The re-
sulting flood-frequency curves are shown in figure 6. 
Similar curves for the Osage, Missouri, and Missis-
sippi Rivers do not fit curves for the region through 
which they flow. 
Hydrologic areas. --Figure 6 provides a regional 
frequency curve for each lettered region of figure 5. 
The task remains of relating the mean arinual flood to 
some measurable property of the drainage basin. The 
most important feature of a drainage basin is its area. 
The drainage area proves to be the only feature necessary 


































































10 20 30 40 50 
EFFECTIVE LENGTH OF RECORD, IN YEARS 
Figure 16.--Homogeneity test graph. 
Hydrologic areas, shown in figure 1, are determined 
by trial. Each area contains those stations that lie on 
the same relationship curve shown in figures 2 and 3. 
A statistical test similar to the homogeneity test (see 
fig. 16) is used to check any station within an area that 
does not plot closely to its area curve. Adjustments in 
hydrologic area boundaries are made when indicated by 
the test. 
Owing to habitually lower downstream flood crests 
60 
on some of the larger streams, downstream gaging 
stations did not plot on the curve with upstream stations. 
Such streams were plotted on the individual curves on 
figure 4. Individual curves were also necessary for the 
Mississippi and Missouri Rivers (see figures 11 and 13). 
Crest-stage-gage program. --The hydrologic areas 
were determined from station records tabulated in 
p. 23-124, supplemented by records of other gaging 
stations with four or more years of record through 
September 30, 1953. In some instances, boundaries 
of the hydrologic areas are poorly defined. Some of 
the curves showing the variation of mean annual flood 
with drainage area are not defined at the lower end. 
Both of these faults will be corrected by a crest -stage-
gage program recently initiated in coo peration with the 
Missouri State Highway Department. I ·. : ;:;,: rJ i tion to 
extending flood-frequency data, the crest-stage indi -
cator offers a means of improving the accuracy of the 
stage-discharge relation at the site of a proposed 
structure, and, if necessary, a means of determining 
the mean annual flood with only a short record. Where 
s~ructures a re scheduled a few years in advance of de-
~J.gn and construction a crest-stage indicator might be 
mstalled at the structure site. 
The p r ocedure for determining the mean annual 
flood f ro m short-term records is best explained by an 
example. A .::;&ume the gaging station at N iangua River 
near Decaturville was operated only for the 4 wate r 
years 1947- 5 0. Along-term record, PommedeTerre R iver 
at Hermitage, i s available for corre lation with the 
short -term record. Proceed as follows: 
1. List all peaks above the base (part ial-duration 
series) for the period of record common to the two 
stations. 
2 . . Arrange the peaks at each station in descending 
magmt. ude and number them beginning with no. 1 for 
the highest flood (see table 1) . 
~- Plot the PE1aks with_ corresponding order numbers 
agamst each other , (see f1gure 1 7) and draw a line to 
average the points. 
4. "Enter the plot (figure 17) with the mean annual 
flood of the long-term station and read the corresponding 
mean annual flood for the s hort -term station . 
Table 1. --Partial-duration series, water years 1947-50. 
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In the above example the mean annua! flood of Po mme 
de Terre R iver at Hermitage for the period 1921 -52 i s 
22, 000 cfs. The mean annual flood .of Nian6ua R iver 
near Decaturville determined from figure 15 is 15, GOO 
cfs, as compared with 15, 500 cfs, the actual mean annual 
flood for period 1921 -50 . 
GAGING-STATION RECORDS 
Records A vailaole 
The location of gaging stations tabulated in this 
section are shown on figure 18. The ident ifying numbers 
in figure 18 are shown next to the station names on oa1· 
graphs of figure 19 and i n the station descriptions on 
p. 23-124. In add ition to record s contained in this 
section, records in other states located near the Mis-
souri boundary were used to extend flood -frequency 
data along the Sta te b order. 
The ex isting gaging-station records in the State of 
Missouri not used in this report and reasons therefore 
are listed as follows [records too short unless otherwise 
noted]: 
Mississippi River at Louisiana 
a/ North Fork South Fabius R iver at Edina 
a/ Little Fabius River near Edma 
"'i:.l Bear Creek near Hannibal 
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a/ Crooked Creek near Shelbina 
b / Davis Creek near Mexico 
a/ L o ng Branch near Paris 
a/ Spencer Creek near Frankford 
b / Peno Creek at Frankford 
b / West Fork Cuivre River near Laddonia 
Mill Creek at Oregon 
Jenkins Branc h at Gower 
East Fork Fishing River at Excelsio r Springs 
Medicine Creek near Sturges 
Mussel Fork near M usselfork 
Shiloh Branch near Marshall 
Little Osage River at Sto tesbury 
Sac R iver near Collins 
Little Sac River near Springfield 
Pomme de Ter r e River near Bolivar 
Niang ua Branch at Marshfield 
c I Osage River near St. Thomas 
~/ Missouri River at Bonnots Mill 
Missouri River at Isbell 
Rumbo Branch at Danville 
Missouri River at Ruegg 
Meramec River near St. James 
a/ Dry Fork near St. James 
a/ Huz.zahCreek at Dillard 
"'i_ l Courtois Creek at Berryman 
Lanes Fork near Rolla 
Big River near DeSoto 
St. Francis Rive r near Bismark 
Wolf Creek n ea r Farmington 
Doe Run Cr eek near Knob Lick 
St. Francis River near Roselle 
Stouts Creek at Arcad ia 
Little Francis River at Frede ric ktown 
Twelve-mile Creek at Zion 
Cedar Creek at Coldwater 
Big Creek at Des Arc 
Clark Creek at Patterson 
Otter Creek at Taskee 
c I St. Francis River at Wappapello 
e/ St. Francis River at Fisk 
- Little River ditch 81 at Kirk 
Little River ditch 1 at Kirk 
Little River dit c h 66 at Kirk 
White River near Branson 
Cane Creek at Harvi e ll 
Eleven Point R iver near Thomasville 
Stahl Creek near Miller 
Lost Cree k a t Sene c a 
a/ Fragmentary. 
fi_ l Partially fragme nt a ry; c ontinuous rec ord 
too s hort. 
c I R egulated. 
~/ Short r ecord too near other statio ns on 
same stream. 
~/ All pe ak flow not measured. 
The short-term gaging-station records used to help 
J elineate hy drologic are a boundaries are listed in 
table 2. 
Table 2. --Short -term gaging -station records in 
Missouri used to delineate hydrologic area 
boundaries. 
Gagin g statio n 
Drainage Hydrologic 
area 
(sq mi) area 
Beaver C reek near Rolla ------ 14.0 4 
Behmke Branch near Rolla----- 1. 05 4 
Big Creek near Yukon --------- 8. 36 4 
Bouro euse River near St. James 21. 3 5 
Coyle Branch at Houston------- 1. 10 4 
Crooked River near Richmond-- 159 1 
G reen Acre Branch near Rolla-- . 622 4 
Lanes Fork near Vichy-------- 24.1 5 
Little Beaver Creek near Rolla-- 6. 41 4 
Little Blue River near Lake City- 184 1 
Loutre River at Mineola -------202 5 
Maries River at Westphalia-- - - 257 5 
Moniteau Cre ek near Fayette --- 81 
Moreau River near Jefferson 
City----- - ----------------- 531 4 
P etite Saline Creek near 
Boonville------------------ 182 
Wakenda Creek at Carrollton--- 248 
White Cloud Creek near 
Maryville-------------- - --- 6.06 
Explanation of Data 
The data for each gaging station consists of a lo-
c ation paragraph giving the most recent location of the 
gage; the drainage area above the station; a history of 
the gage as it affects flood heights (minor changes in 
location are not mentioned); a statement of the per-
manence of the stage -discharge relation; the generally 
accepted flood stage (where the flood stages used by 
various agencies may differ, the U. S. Weather Bureau 
flood stage is given followed by their name); historical 
data in addition to that listed in the peak discharge 
tabulation; pertinent remarks, including the base for 
the partial-duration series of peaks. 
The flood stage is normally the gage height at which 
the river overtops one or both of its banks in the vicinity 
of the gage and begins to inundate the surrounding land. 
Another definition, c losely associated with this one, is 
that the flood stage i s that stage at which flood damage 
begins. The stage is determined by fi e ld observations; 
minor flooding of unimportant low areas adjacent to the 
stream is oft en not considered in arriving at the flood 
stage. 
No differentiation between annual peaks and peaks 
for partial-du r ation series is made in the tabulation. Annual 
peaks below the base must be eliminated before using 
the tabulation for partial-duration studies. A footnote 
marks these years with incomplete records which may 
not be used in the partial-durat ion series. 
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Figure 17. --Determination of rr.ean annual flood from a short - term record . 














































Mtss issif)pt River at Keokuk , l o wa 
Fox River basin; 
Fox R iver at Wayland, Mo . 
Wyac onda River bas in: 
W yaconda R iver above Canton, Mo. 
Fabius River basin: 
North Fabius R iver at Monticello, Mo. 
Middle Fabius R iver near Baring, Mo. 
M iddle Fabius R iver near Monticello, Mo. 
Nol"th Fabius Rive!" at Taylo!", !Vo . 
South Fabius Ri vel" at Taylo r. Mo . 
Nol"th River basin : 
No,..th R i ver at Bethel, Mo . 
No l"th River .a t Palmyra, 1\'.o . 
D e ar Creek basin : 
B ear Creek at I-:allnibal, Mo . 
Salt R iver basin : 
Salt Ri ve !" near Shelbina, Mo . 
Salt R iver nea r Hunnewell, Mo. 
South Fork Salt River at Santa Fe, Mo . 
Youngs Creek near M e xico, Mo . 
Middle F o r k Salt River at Pal"iS, Mo. 
Elk Fork Salt River near Paris, Mo. 
Salt R iver near IV.onroe City, M o. 
Salt River near N ew L o nJon, Mo. 
Cuivre R iver basin: 
Cuivre Rive,.. near Troy, Mo. 
Mississippi River at Alton, Ill . 
Missouri R i ver at O maha , Nebr. 
Missou!"i Rive r at Nebraska City, Nebr. 
Tarkio River basin: 
W est Tarkio Creek near Westbo ro, Jllo. 
Tal"ki o R iver at Fairfax, Mo . 
Nodaway River basin: 
No daway River near Burlingto n Junction , 
Missouri River at St. Joseph, Mo . 
Platte Rive r b as i n : 
P latte River at C o n c eption Junc tio n, llf'o . 
One Hu · 1.~ red and Two R iver near Maryvi lle,. 
P lattP River near Agenc y, Mo . 
Mi s s o u!"i River a t Ka nsas City , Mo . 
Blue River basin : 
Blue River near Kansas City, Mo. 
1\1 issouri Rive!" a t W averly , Mo. 
G r·and Rive!" basin : 
E a st Fork Big Cl"ee k near Bethany, Mo. 
G !"and River near Gallatin , Mo. 
Weldon R iver neal" Mel" c er, Mo . 
Weldon R iver at Mill Grove , 1\r:u . 
Thompson Rive,.. at Trento n , Mo. 
Medic ine Creek near Galt, Mo . 
Locust Creek near Milan, Mo. 
L ocust Creek neal" Linneus, Mo. 
Grand River neal" Sumner, Mo. 
Yellow Creek near R othville, Mo. 
Chariton Rive !" basin: 
Chariton River at Novinger, 1\.o . 
Chariton Ri ve ,.. nea l" Ke ytesville , Mo . 
Lamine R i ver basin: 
Lamine River at Clifto n City, Mo. 
Blackwater Rive!" at B lue Lic k , rv.o . 
M is s o uri River at Boonville , lV o . 
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Figure 19. --Per iod of record of annual peaks at gaging stations. 
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Osage River basir : 
49 Sac River near Sto c kton, Mo. I ,160 26,50 0 I 




51 Osage River at Osceola, Mo. 8,220 48,00 0 
-• I 
--
52 Pomme de Terre River at Hermitage, Mo . 655 2 2,00 0 
53 South Grand River near Brownington, Mo . 1,660 I 6,00 0 I 
54 Osage River at Warsaw, Mo. II ,500 6 7,00 0 I I I I • ~-- • 55 Niangua Rive r near Decatur·.r:ille, Mo . 627 15,500 
56 Osage River near Bagnell, Mo. 14,000 97,000 I 
Gasconade River basin; 
57 Gasconade River near Hazlegreen, Mo. 1,250 2 5,00 0 • 58 Gasconade River near Naynesville, Mo. 1,680 25 00 0 
59 Big Piney River near Big Piney, Mo. 560 I 2,300 
60 Littl e Piney Creek at Newburg, Mo. 200 8,30 0 _.__ 
-· 
61 Gasconade River at Jerome, Mo. 2,840 35,000 .__. __. _ 
62 Ga~conade River near R ich Fountain, Mo . 3,180 3 4,00 0 
-63 Mis:>ouri River at Hermann, Mo. 5 28 200 3 5 0,00 0 J 
-
I 
-64 Mississippi River at St. Louis, Mo. 701,000 5 44,000 I 
IVJeramec River basin 
65 Meramec River near Steelville, JV: o. 78 I 2 0,2 0 0 
-
_j 
66 Meramec River near Sullivan, Mo. 1,47 5 2 2,80 0 I 
--67 Bourbeuse River near Spring Bluff, Mo . 608 19,000 -~ -
-
... 
68 Bourbeuse River at Uniu n, Mo . 808 14,600 I 
69 Meramec River at Robertsville, Mo. 2,673 36,000 
- --
L 1- -
70 Big River at Byrnesville, Mo . 917 17,000 I. L 71 Meramec River near Eureka, Mo. 3, 788 40,000 • 
72 Mississippi River at Cheste r, Ill. 7 12,600 585,000 Ia 
Headwater Diversion Channel basin; 
73 Castor River at Z alma, Mo. 423 12,500 
74 Mississippi River at Thebes, Ill. 7 17,200 57 0,000 Ia 
St. Francis River basin; 
75 St. Francis River near Patterson, Mo. 956 3 4,00 0 I 
76 Little River ditch 81 near Kennett, Mo. II I 2,000 
77 Little River ditch 1 near Kennett, Mo. 2 35 4,60 0 
78 Little River ditch 251 near Lilbourn, Mo. 235 2,32 0 -
-
--79 Castor River at Aquilla, Mo . 175 2,3 50 -
-
... 




81 Little River ditch 251 near Kennett, Mo. 883 9,700 
82 Little River ditch 259 near Kennett, Mo. 89 1,580 -
White River basin: 
83 White River at Beaver, Ark. 1,238 3 6,000 I 
84 James R iver below Battlefield , Mo. 328 I 0,200 
-
-· 85 Wilson Creek near Springfield, Mo. I 9.4 1,100 -86 James River at Galena, Mo. 987 2 1,500 -
87 White River near Reeds Spring, Mo. 3,61 7 5 5,000 -- - • 
88 White River at Forsyth, Mo. 4,544 6 3,00 0 
_. __ 
• 
89 North Fork River near Tecumseh, Mo . 561 I 1,200 - - -
--90 Bryant Creek near Tecumseh, Mo. 570 14,700 
-
~ 
91 North Fork River near Tecumseh, Mo. 1,157 2 3,000 I I -
92 Black River near Annapolis, l'v•o . 484 2 2,00 0 ~--
93 Black River at Lee per, Mo. 957 2 8,00 0 _L -
94 Black River at Poplar Bluff, JV:o. 1,245 16,000 I 1-- -
95 Jacks Fork at Eminence, Mo. 398 I 1,000 
96 Current River near Eminence, Mo. 1,2 72 2 5,000 
97 Current River at Van Buren, Mo. 1,667 2 7,500 L 
98 Current River at Doniphan, Mo. 2,038 3 0,000 I I 
99 Little Black River near Fairdealing, Mo. 18 7 8,800 -
-
~ -
100 Eleven Point River near Eardley, Mo . 79 3 11,000 I 
Arkansas River basin;,. 
101 Spring River near Wac o, M o . 1,164 2 0,000 -
102 Turkey Creek at Joplin, Mo. 33 1,3 50 
-
-
103 Shoal Creek abo ve J o plin, Mo . 410 11,000 -
104 Elk River nea r Tiff City, Mo. 872 16,000 
Figure 19. --Period of record of annual peaks at gaging stations--Continued. 
22 FLOODS IN MI SSOURI 
The peaks ar e arranged by the water year , which 
e nds September 30 and begins October 1 of the preceding 
y ear. A break in record is indicated by a line in the 
water -year column alone. 
Gage heights are given in the tabulation for their 
o wn valu e . They represent the water level, in feet, 
a bove an arbitrary datum (gage zero) whic h is referred 
to lo cal benc hmarks at the gaging station . Where known, 
the eleva tion o f this arbitrary datum above mean sea 
l e vel is give n in the station description. Changes in 
datum are noted in the station description, and are 
L1dic ated in the tabulation of annual floods by a line 
c:.c ross the g age -height column. A change in location 
•""' f t h e g a r: e of sufficient magnitude to affect the sta .~e­
c:is ci--.arge relation is shown by a full line between two 
items in the flood listing. Gage heights affected by 
ic e o r backwater are shown without the corresponding 
discharge where the discharge corresponding to the 
gage height under normal conditions would have ex-
ceeded the base discharge. 
Peak discharges unless otherwise noted are the 
instantaneous peaks in cubic feet per second (cfs). In 
a few instances, principally older records or records 
~urnished by other agencies, data was not available for 
determining instantaneous peak discharges. In those 
cases, the maximum daily discharge is given with an 
appropriate note. 
Each annual surface water supply report of the 
Geological Survey contains an explanation of the com-
JJUtation of streamflow data. Additional information 
m::.y be found in standard texts and Water -Supply Paper 
888. entitled Stream-gaging procedure. 
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